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ABSTRACT 
 
Mechanical ventilation (MV) is one of the most frequently used treatment modalities in the 
intensive care unit (ICU) (Burns, 2005:14). Up to 90% of critically ill patients in ICUs 
globally are connected to a mechanical ventilator. Although mechanical ventilation is a 
lifesaving intervention, it is expensive and is associated with diverse complications 
(Mclean, Jensen, Schroeder, Gibney & Skjodt, 2006: 299). Ventilator-associated 
pneumonia (VAP) accounts for 25% of all infections in ICU, with global crude mortality 
figures estimated at 20-70% (Craven, 2006:251). Minimising the time that a patient is 
connected to a mechanical ventilator to the absolute minimum can have considerable 
benefits in terms of decreased mortality and morbidity, as well as a decreased length of 
ICU stay and lower hospital costs. 
 
Critically ill patients therefore need to be weaned from the mechanical ventilator as 
soon as their condition that warranted the need for mechanical ventilation is stabilized. 
The process of weaning the critically ill patient from mechanical ventilation constitutes 
a significant proportion of total ventilator time. As professional nurses attend to the 
mechanically ventilated patient 24 hours a day, they have a vital role to play in the 
collaborative management of the patient requiring weaning from mechanical 
ventilation.  
 
The objectives of this study were to explore and describe the professional nurses’ 
knowledge regarding weaning the critically ill patient from mechanical ventilation. 
Based on the results, recommendations in the form of a protocol were made in order 
to improve the professional nurses’ knowledge and enhance the care of the 
mechanically ventilated patient.  
 
A quantitative design, which was exploratory, descriptive and contextual in nature, was 
utilised for the study. The data collection instrument of choice was a self-administered 
questionnaire. Convenience, non-probability sampling was the sampling method 
chosen for the purpose of this study. Collected data were analysed with the assistance 
of a statistician using descriptive and inferential statistics. Results were displayed in 
the form of graphs and tables. The results obtained in the study, combined with data 
from the literature review, were used to develop recommendations to enhance 
 vi 
 
professional nurses’ knowledge regarding weaning the critically ill patient from 
mechanical ventilation. The recommendations were presented in the form of a protocol 
based on the available evidence. Ethical principles as they relate to conducting 
research were adhered to throughout the study. 
 
Key words: Mechanical ventilation; Weaning; Intensive Care Unit; professional nurse, 
critically ill patient, Endotracheal tube. 
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OVERVIEW OF STUDY 
 
1.1 INTRODUCTION AND OVERVIEW OF STUDY 
The Intensive Care Unit (ICU) can be defined as an area where patients with actual 
or potentially life-threatening illness or injury can be admitted for more individualized 
and intense monitoring (Urden, Stacy & Lough, 2006:3). Advanced technology is a 
major part of the ICU and mechanical ventilation (MV) is one of the most commonly 
used treatment modalities in the care of the critically ill patient (Burns, 2005:14). 
According to Mclean, et al. (2006:299), up to 90% of patients globally require 
mechanical ventilation (MV) during some or most part of their stay in the ICU. The 
reasons for initiating MV are diverse. In a study done by Krishnan, Moore, Robson, 
Rand and Fessler (2004:675) the most common reasons for initiation of MV are 
described as follows: pneumonia/acute lung injury (33.2%), chronic obstructive 
pulmonary disease (9.7%), cardiogenic pulmonary oedema (5.2%), neurological 
emergencies (16.9%), post-operative complications (24%) and cardiopulmonary 
arrest (11%). 
 
The indications for endotracheal intubation and MV can be divided into two basic 
categories: Firstly, ventilatory failure, where the neuromuscular mechanisms of 
breathing cannot maintain adequate ventilation in the presence of normal lungs. 
Secondly, oxygenation failure where there is primary pathology of the airways or 
lung parenchyma. These two categories encompass conditions concerning central 
nervous system (CNS) pathology, drugs and poisons, neuromuscular disease, 
localized or diffuse lung infiltrates and severe airflow obstruction as in the case of 
asthma and chronic obstructive pulmonary disease (Engelbrecht & Tintinger, 
2007:119).  
 
Mechanical ventilation is an invasive procedure and is usually required for patients 
unable to protect their own airway or maintain adequate ventilation or oxygenation. 
The patient is usually transpharyngeally intubated using an endotracheal tube (ET 
tube) which is a hollow plastic tube used as an artificial airway (Elliot, Aitken & 
1 
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Chaboyer, 2007:277). The ET tube is passed either through the mouth or via one of 
the nasal passages. Whichever route is chosen the normal protective mechanisms of 
the nasal cilia and glottis are bypassed, thus making the patient susceptible to 
infections of the respiratory system (Craven, 2006:251). Intubation and MV are often 
lifesaving procedures, but constitute an expensive treatment modality which is 
associated with iatrogenic complications such as ventilator-associated pneumonia 
(VAP) and ventilator-induced lung injury, which can lead to the development of the 
Acute Respiratory Distress Syndrome (ARDS) and increased mortality and morbidity 
(Grap, Stickland, Tormey, Keane, Lubin, Emmerson, Winfield, Dalby, Townes & 
Sessler, 2003:454). Global trends suggest that VAP accounts for 25% of all ICU 
infections with crude mortality figures of 20-70% (Craven, 2006:251). Noting these 
findings, one can assume that keeping the time that a patient is connected to the 
mechanical ventilator to the absolute minimum can have considerable benefits in 
terms of reduced length of stay in ICU, reduced hospital costs and reduced mortality 
and morbidity. Complications such as VAP thus have significant monetary and 
patient outcome implications and the focus should thus be on strategies that can 
assist with early weaning. 
 
Once the condition that warranted MV is stabilized or begins to resolve, attention 
should be placed on weaning the patient from MV as soon as possible (MacIntyre, 
Cook, Ely, Epstein, Fink, Heffner, Hess, Hubmayer & Scheinhorn, 2001:375). 
Hermant, Chako and Singh (2006:435) state that weaning is the process of 
withdrawing ventilator support abruptly or gradually. Crocker and Kinnear (2008:181) 
support that definition in asserting that weaning is the abrupt or gradual reduction of 
respiratory support until the point where the patient no longer requires ventilator 
support or has come to a point where no further reduction in ventilator support is 
possible. Tobin (2004:661) adds that weaning is a two-step process, namely 
assessing patient readiness to wean and decreasing ventilator support. It is 
estimated that weaning constitutes up to 50% of the time that a patient is 
mechanically ventilated, which suggests that the process of weaning constitutes a 
significant proportion of total ventilatory time (Tobin, 2004:661). As an example: if a 
patient has received mechanical ventilation for four days, up to two days will be 
spent on weaning the patient from mechanical ventilation.  
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A positive correlation between the duration of MV and increased mortality is well 
documented. Rose and Nelson (2006:74) claim that patient mortality is related to 
both the severity of the underlying illness and the development of complications 
related to prolonged MV such as Ventilator Associated pneumonia. Boles, Bion, 
Connors, Herridge, Marsh, Melot, Pearl, Silverman, Stanchina, Viellard-Baron and 
Welte (2007:1034) concur that mortality is directly proportional to the length of MV 
due to the development of ventilator-associated complications, and add that MV 
costs +/- US $ 2000 per day. Secondly, patients that require prolonged mechanical 
ventilation account for 6% of mechanically ventilated patients in the Intensive Care 
Units (ICU), but consume 37% of ICU resources in the United States of America 
(USA) There are thus considerable advantages related to timely weaning and 
discontinuation of MV. The total health care cost of mechanical ventilation is said to 
be comparable worldwide and it has been noted that the cost of MV in the United 
Kingdom is the same as in the USA (Boles et al., 2007:1034). A paucity of literature 
exists on the cost of mechanical ventilation and weaning in South Africa. 
 
Several weaning indexes have been proposed to predict successful weaning from 
MV. El-Khatib and Bou-Khalil (2008:221) proposed several indexes as having a high 
positive predictive value in assessing if weaning and discontinuation from 
mechanical ventilation are possible. These patient parameters are as follows: minute 
ventilation, maximal inspiratory pressure, tidal volume, respiratory rate and the Rapid 
Shallow Breathing Index (RSBI) (El-Khatib & Bou-Khalil, 2008:222). However, it is 
noteworthy that MacIntyre et al. (2001:381) state that the Rapid Shallow Breathing 
Index is one of the most accurate predictors of weaning success and its 
measurement must be included in weaning protocols and clinical guidelines. 
 
Sedation has been implicated in prolonging MV and research has placed emphasis 
on strategies to minimise the effect of sedation on the length of MV. One area that 
received particular focus is the practice of daily interruption of sedation in select 
patient groups. This practice has consistently proven to both decrease time spent on 
MV as well as patient mortality and morbidity (Kress, Pohlman, O’Connor & Hall, 
2000:1472). In a study by Girard, Kress, Fuchs, Thomason, Schweikert, Pun, 
Tiechman, Dunn, Pohlman, Kinniry, Jackson, Canonico, Light, Shintani, Thompson, 
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Gordon, Hall, Dittus, Bernard and Elly (2008:126) daily interruption of sedation was 
implemented and patients were allowed to wake up spontaneously. Paired with a 
spontaneous breathing trial (SBT) this protocol was effective and associated with few 
adverse events in a diverse population of patients. When spontaneous awakening 
trials were used, the likelihood of using excessive amounts of sedation was limited 
so that patients were more neurologically alert and ready for a trial of weaning from 
MV (Girard et al., 2008:132). 
 
Furthermore, in order to wean the patient successfully from mechanical ventilation, it 
must be ensured that the underlying condition that necessitated MV initially is 
completely or sufficiently reversed. The patient should be haemodynamically stable 
and must be able to maintain an adequate oxygenation status with a positive end 
expiratory pressure of more or equal to 5-8 cm H2O and an oxygenation level of less 
or equal to 50% (El-Khatib & Bou-Khalil, 2008:222). 
 
The use of weaning protocols offer significant advantages and have been proposed 
as integral to successful weaning (MacIntyre et al., 2001:379). Tonnelier, Prat, Le 
Gal, Gut-Gobert, Renault, Boles and L’Her (2005:87) found that protocol-directed 
weaning led by non-physicians and nurses resulted in a decrease in the duration of 
MV and overall length of ICU stay without any increase in adverse events or re-
intubation rates. These weaning protocols synthesise an approach that incorporates 
a daily weaning screen by nurses and a single spontaneous breathing trial (SBT) of 
30 minutes in patients who passed the weaning screen. It is recommended by 
MacIntyre et al. (2001:384) that weaning protocols should be developed and 
implemented in the ICU. Esteban, Alia, Ibanez, Benito and Tobin (1994:1192) 
observed that the mortality rate is directly proportional to the duration of MV: the 
longer the patient is mechanically ventilated, the higher the mortality risk. Using 
protocols to expedite weaning and discontinuation of MV can thus decrease patient 
mortality. According to Crocker (2002:273), nurse practitioners can effectively 
execute weaning protocols that may expedite weaning from MV. Adequate 
knowledge of the professional nurse regarding weaning from mechanical ventilation 
is vital in order to provide high quality care, minimising health care costs and 
reducing patient mortality and morbidity. 
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The provision of safe error-free care is the number one priority for all health care 
professionals (Hansen & Severinsson, 2007:196). Because MV is the most 
commonly used treatment modality in ICU, a professional nurses’ knowledge 
regarding weaning from MV is of vital importance to ensure a safe passage of the 
patient from intubation to weaning and discontinuation of MV (Burns, 2005:14). It is 
thus imperative that nurses caring for the mechanically ventilated understand the 
process of weaning the critically ill patient from MV. The researcher’s intention were 
to undertake a study exploring and describing the knowledge of professional nurses 
regarding weaning the critically ill patient from MV. 
1.2 PROBLEM STATEMENT 
The ICU where the research study took place is a 23-bed unit which manages both 
medical and surgical patients. These patients require either long-term or short-term 
MV. Short-term ventilatory support is required for a period not exceeding three days, 
while long-term MV can be defined as ventilatory support needed for three days or 
more (MacIntyre et al., 2001:379). The short-term mechanically ventilated patients 
usually comprise those who have undergone open-heart surgery, extensive 
abdominal surgery and patients admitted with acute poisoning. Long-term ventilated 
patients include the medical patients with chronic lung diseases. This includes 
patients with chronic obstructive pulmonary disease (COPD) who present with 
respiratory failure, acute exacerbation of chronic asthma (status asthmaticus) and 
pneumonia in the elderly. This group also includes patients with extensive trauma 
and patients who developed complications post operatively, e.g. sepsis, acute 
respiratory distress syndrome (ARDS) and respiratory failure.  
 
During a period ranging from December 2008 to November 2009, more than 70% of 
patients admitted to the ICU required initial mechanical ventilation (Institutional 
Statistics: 2009). As this is a 23-bed unit, this means that if the unit’s bed occupancy 
is 100%, 16 of the 23 patients will be mechanically ventilated. At some stage all 
these patients requiring initial MV will need weaning. Therefore the professional 
nurses’ knowledge regarding weaning a patient from mechanical ventilation needs to 
be up to date in order to facilitate the process. As mechanical ventilation is a 
cornerstone of managing the critically ill patient and in view of the fact that it has 
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numerous complications as discussed in the overview, it is imperative that 
professional nurses caring for these patients are in possession of an adequate level 
of knowledge regarding MV and weaning modalities to ensure patient safety and 
optimum treatment. The numerous complications associated with mechanical 
ventilation make the process of weaning an integral part of intensive care nursing. 
Prompt weaning from mechanical ventilation will also contribute to decreased length 
of stay in the ICU. 
 
As the researcher is a full-time professional nurse and Clinical Nurse Specialist at 
the ICU where the study was conducted, certain observed practices regarding 
weaning the critically ill patient from MV were noted. It was noted that weaning 
occurs in a haphazard fashion and no standardized practices exist amongst nursing 
personnel caring for these patients. The manner in which a spontaneous breathing 
trial (SBT) is performed also needs further exploration. In the ICU, the SBT is usually 
conducted informally on a physician’s orders and no time limit is set for the duration 
of the SBT. Most patients do not undergo a formal SBT and it is unknown whether 
professional nurses are aware of the signs and symptoms of SBT failure. These 
observations are in contrast to the literature on the criteria to assess weaning 
readiness, as will be discussed in Chapter 2. 
 
It has been noted that sedation is not regarded as a high priority for professional 
nurses when weaning the patients from mechanical ventilation. Weaning is also 
observed to commence while the patient is still haemodynamically unstable and 
requires high doses of inotropic or vasopressor support, or when the underlying lung 
pathology has not sufficiently resolved. Furthermore, there is no protocol on weaning 
from mechanical ventilation in the ICU where the study will be conducted 
 
If these casual observations are taken into account, it is obvious that the area of 
weaning the critically ill patient from mechanical ventilation needs further exploration. 
It is to this end that the following research question was formulated: What is the 
professional nurses’ knowledge regarding weaning the critically ill patient from 
mechanical ventilation? 
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1.3 RESEARCH OBJECTIVES 
The objectives of the study are as follows: 
 To explore and describe the professional nurses’ knowledge regarding 
weaning the critically ill patient from mechanical ventilation. 
 To develop recommendations in the form of a protocol to enhance the 
professional nurses’ knowledge regarding weaning the critically ill patient from 
mechanical ventilation. 
1.4 CONCEPT CLARIFICATION 
The following is an explanation of the most important concepts used in the study. 
1.4.1 Professional nurse 
A professional nurse (PN) is a person who is registered with the South African 
Nursing Council (SANC) as a nurse or midwife and who is qualified and competent 
to practise comprehensive nursing care independently (Nursing Act 33 of 2005:34). 
The study includes professional nurses who care for the critically ill patients who are 
connected to a mechanical ventilator. Contextually these professional nurses include 
experienced ICU nurses and those who hold an additional qualification in intensive 
care nursing. 
1.4.2 Intensive care unit (ICU) 
Urden et al. (2006:3) describe an ICU as a place for the management of patients 
with acute life-threatening illness or injury. These patients need to be admitted to a 
designated area of the hospital for individualized and more intense monitoring. In the 
ICU the nurse/patient ratio is usually 1:1. Professional nurses working in ICUs need 
specialised knowledge to care for the critically ill patient. 
1.4.3 Knowledge  
Knowledge is described as what a person knows, as well as the information acquired 
through learning and experience (O’Neill, 2003:700). In this study, the focus is on the 
professional nurses’ knowledge regarding weaning the critically ill patient from 
mechanical ventilation. This knowledge or information could have been acquired 
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through experience or further studies in the field of Intensive Care or both. 
Knowledge is explored in respect of what the term weaning means, as well as the 
different weaning modalities. Another aspect explored is knowledge related to 
weaning parameters, weaning indexes, and the factors that contribute to weaning 
failure. 
1.4.4 Mechanical Ventilation (MV) 
Mechanical ventilation involves the use of an artificial device to assist a patient to 
breathe (Urden et al., 2006:678). There are different types of mechanical ventilators 
and different modes of MV can be used. Mechanical ventilation can be further 
subdivided into invasive and non-invasive ventilation. In this study the researcher will 
specifically focus on invasive mechanical ventilation. 
1.4.5 Weaning  
Weaning refers to the process of gradually or abruptly withdrawing mechanical 
ventilatory support (Tobin, 2004:661). This process usually begins when the 
condition that warranted MV is resolved. In this study, the process of weaning will be 
explored. 
1.4.6 Critically ill patient 
Critically ill patients are at high risk of actual or potential life-threatening health 
problems. These patients require some kind of life support, for instance mechanical 
ventilation using an endotracheal tube as an artificial airway (Eliot et al., 2007:3). 
The study focuses on the critically ill patient who requires weaning from mechanical 
ventilation.  
1.5 RESEARCH DESIGN 
De Vos, Strydom, Fouche and Delport (2005:132) hold that the research design 
forms the blueprint of how data are collected, investigated, analysed and interpreted. 
The design chosen for this study is a quantitative study of an exploratory, descriptive 
and contextual nature. The research design will be more comprehensively explained 
in Chapter 3 of the study. 
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1.5.1 Quantitative research 
Gorard (2003:9) states that quantitative research uses statistical tests and 
questionnaires as data collection methods to establish whether a relationship exists 
among variables. The current study is of a quantitative nature as the researcher 
adheres to the principles of quantitative research as stated above and a self-
administered questionnaire is the data collection method to explore and describe the 
professional nurses’ knowledge regarding weaning the critically ill patient from 
mechanical ventilation. 
1.5.2 Exploratory research 
Burns and Grove (2001:374) note that exploratory studies seek to generate a new 
understanding of a situation or phenomenon. These studies are designed to increase 
the knowledge of a particular field and are not intended to be generalized to large 
populations. Exploratory studies are done to satisfy the researcher’s curiosity and a 
need for better understanding of the phenomena under study. These studies also 
test the feasibility of undertaking a more extensive study. (Babbie, 2001:92).This 
research study explores the professional nurse’s knowledge regarding weaning the 
critically ill patient from mechanical ventilation. The results together with evidence 
from the literature review are used to draw conclusions and make recommendations 
to enhance the care of the mechanically ventilated patient who requires weaning. 
1.5.3 Descriptive research 
Burns and Grove (2001:248) point out that descriptive research is designed to obtain 
more information about characteristics within a particular field of study and may be 
used for identifying problems in current practice. The current study aims at 
describing a certain situation and classifying the information gained in order to obtain 
a better understanding of the situation. The aim of this study is to describe the 
knowledge of professional nurses regarding weaning the critically ill patient from 
mechanical ventilation. 
1.5.4 Contextual research 
All phenomena happen in a given context. The context of the respondents is the 
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environment in which they interact. Holloway and Wheeler (2002:81) describe the 
context as the economic, political and cultural framework and the meaning that 
people give to it. As human behaviour does not occur in a vacuum, it is necessary to 
provide a comprehensive description and analysis of the environment or social 
context of the research participants. The study will be conducted in the ICU of a 
private health care institution in the Nelson Mandela Metropole. 
1.6 RESEARCH METHOD 
The aim of this section is to clarify the method used in this research study. The 
research method flows from the chosen design. Research methods are techniques 
used by researchers to structure a study and to gather, analyse and interpret 
information relevant to the research objectives (Burns & Grove, 2001:13). 
1.6.1 Target population 
McBurney (2001:248) refers to the target population as the totality of persons with 
whom the research problem is concerned. It is also referred to as the entire group of 
persons that the researcher intends to study (Gorard, 2003:57). 
 
In this study the target population comprises professional nurses who are 
permanently employed or work through a nursing agency at an ICU in the Nelson 
Mandela Metropole. As noted in Bless and Higson-Smith (2000:85), the population is 
the set of elements that the researcher focuses on and to which the results will be 
generalized. This implies that the results of the study will be generalized to the target 
population based on the results obtained from the sample. The target population was 
estimated at 40 permanently employed and 20 professional nurses working through 
a nursing agency, resulting in a total envisaged target population of 60 respondents. 
1.6.2 Sampling method 
De Vos et al. (2005:194) states that a sample can be defined as a subset of 
measurements drawn from a population in which the researcher is interested. The 
population can thus be defined as the sampling frame. The researcher uses a form 
of non-probability sampling because the odds of selecting a particular individual are 
not known (Gravetter & Forzano 2003:118). As all professional nurses working in the 
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ICU except those on annual or sick leave or refuse consent may participate in the 
study, convenience sampling is the sampling method of choice.  
1.6.3 Data collection Instrument 
Data collection refers to the process of acquiring respondents and collecting the data 
needed for the study. Burns and Grove (2001:293) note that the data collection 
instrument differs from study to study and is dependent on the chosen research 
design. The researcher decided that because weaning from MV is such a vast 
subject field interviews would not elicit the responses required to answer the 
research question. As the intention was to explore and describe professional nurses’ 
knowledge regarding weaning from MV, a self-administered questionnaire was the 
instrument of choice as this would result in standard and uniform responses from all 
respondents. Questionnaire development will therefore be based on the literature 
review and be constructed with the assistance of a statistician. 
1.6.4 Data collection method 
Permission must be obtained from the hospital management and the unit manager to 
conduct research in the ICU. Before respondents receive their questionnaire, they 
are required to sign a consent form (ANNEXURE C). Respondents must be informed 
regarding the purpose of the study and any possible risks must be explained to the 
respondents. The actual data collection method will be discussed in detail in Chapter 
3. 
1.6.5 Pilot study 
In order for a research project to be successful, the researcher must have thorough 
background knowledge about the topic under investigation (De Vos et al., 2005:205). 
One way of gaining background knowledge is by conducting a pilot study. A pilot 
study also serves as a small-scale study prior to a larger piece of research to test 
whether the methodology, sampling instruments and analysis are adequate and 
appropriate (Bless & Higson-Smith, 2000:155). Two respondents from the same 
hospital will be used for the pilot study.  
A researcher is enabled by the pilot study to detect any shortcomings in a 
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questionnaire and take corrective action. The results of the pilot study are not to be 
used in the main research study but the completed questionnaires must be kept for 
two years.  
1.6.6 Data analysis 
Analysis of collected data aids the researcher to draw conclusions and obtain 
answers pertaining to the research question. Brink (2006:170) notes that data 
analysis entails categorizing, ordering, manipulating and describing collected data in 
a manner that is meaningful. 
 
The researcher decided to use statistical methods such as descriptive and inferential 
statistics in order to analyse and interpret the data. It was decided that a statistical 
program, Statistica (Version 9), which is a computer program used for storing, 
analyzing and reporting on statistical results, would be used to analyse data obtained 
in this study. This program is licensed to a statistical expert at the university where 
the study was conducted. The statistician would also be utilised to assist in the 
analyses and interpretation of the data and the findings would be displayed in the 
form of graphs such as tables and histograms. 
1.7 QUALITY CONTROL OF DATA 
In order for research results to have any significance, they must be valid. If the tools 
of validity and reliability are used correctly then the results of a study can be 
interpreted as valid. A full description of validity and reliability measures will be 
provided in Chapter 3. 
 
1.7.1 Validity 
Validity is broadly defined as whether the instrument used actually measures what it 
is supposed to measure (De Vos et al., 2005:160). The measuring instrument in this 
study would be considered valid if it measured what it was intended to measure, that 
is the professional nurses’ knowledge regarding weaning the critically ill patient from 
MV.  
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1.7.2 Reliability 
Reliability can be described as the consistency of measures of behaviour. Brink 
(2006:118) notes that reliability refers to the repeatability and consistency of a 
measuring instrument, and if it will yield the same results when the study is repeated. 
If a measuring instrument is reliable, the researcher can deduce that it will yield the 
same results in different situations under similar conditions. 
1.8 ETHICAL CONSIDERATIONS 
All persons conducting research must be aware of what is considered acceptable 
and what is not in scientific inquiry. What is acceptable can broadly be defined as 
sound ethical standards or principles. Furthermore, ethics deal with matters of right 
and wrong (Babbie 2001:470). Ethical standards serve as guidelines and parameters 
within which the ethical researcher operates. These principles bind the researcher to 
maintain his ethical standards. A few of the important ethical considerations will be 
noted below and will be discussed in more detail in Chapter 3: 
 Voluntary participation; 
 Consent; 
 Confidentiality and anonymity. 
1.9 DISSEMINATION OF RESULTS 
In order for research to be meaningful, it has to be disseminated to all stakeholders 
and parties that may benefit from the results. A copy of the research study will be 
given to the hospital management and the university library. A journal article detailing 
the study will also be submitted for possible publication in a peer-reviewed journal. 
1.10 CHAPTER LAYOUT 
The following is a brief outline of the chapters in the study report:   
 Chapter One:  Overview of study: Providing a background to the study and 
also a rationale explaining the importance of the study. 
 Chapter Two: Literature review: providing a detailed description of the    
field of study. 
 Chapter Three: Research design and method: outlining the research     
method and design. 
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 Chapter Four: Data analysis and discussion on findings: focused on the 
analysis and interpretation of the research results. 
 Chapter Five: Recommendations, limitations and conclusion: providing a 
conclusion to the study and recommendations for practice, 
research and education 
1.11 SUMMARY OF CHAPTER 
By gaining insight through quantitative exploratory and descriptive research within a 
given context, measures may be taken to enhance practice and improve the quality 
of care rendered while weaning the critically ill patient from mechanical ventilation. 
Prominent international health care agencies such as the National Health Service 
Modernisation Agency in the United Kingdom have designated weaning from 
mechanical ventilation as a research priority. It is thus imperative to undertake this 
research study in order to explore and describe the knowledge of professional 
nurses regarding weaning from mechanical ventilation. 
    
This chapter detailed the importance of weaning from mechanical ventilation as well 
as the reasons why conducting this study is important. The objectives of the study 
have been outlined. The research methods used in this study have been discussed. 
The focus of the next chapter will be to further clarify weaning from mechanical 
ventilation and this will take the form of a literature review. 
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LITERATURE REVIEW 
2.1 INTRODUCTION 
The previous chapter was intended to give the reader a background to weaning from 
mechanical ventilation and why it was decided that this should be the focus of the 
research study. A brief orientation to the problem statement as well as the research 
methods used in the study was also provided. 
 
In this chapter the main objective is to further clarify the concept of weaning from 
mechanical ventilation by undertaking a comprehensive narrative literature review. 
Broadly, a literature review can be defined as a body of text that aims to review the 
critical points of current knowledge on a particular topic and includes substantive 
findings as well as theoretical and methodological contributions to the topic 
(Delinger, 2005:41). In this study the purpose of the literature review was to 
summarise the key elements related to weaning from mechanical ventilation. In order 
to provide understanding and comprehension of the subject field the researcher 
sought to clarify the definition of weaning, the different modes of weaning as well as 
the weaning process. Some of the more salient concepts related to weaning from 
mechanical ventilation such as weaning indexes that propose to predict weaning 
outcome and the spontaneous breathing trial will be discussed in detail. Lastly, the 
role of protocols and sedation management as well as the causes of weaning failure 
will be discussed. 
2.2 LITERATURE SEARCHING PROCESS 
To provide the reader with reliable, scientifically robust and current literature a 
search strategy was needed. A literature search can be defined as a comprehensive 
survey of publications and information on a specific topic and this process 
familiarises the researcher with the existing body of knowledge related to the 
research topic. The literature search strategy refers to the process followed in order 
to compile the data needed for the literature review (Delinger, 2005:41). 
 
The scientific search engine –EBSCO HOST available to students at the Nelson 
2 
Literature Review  Chapter Two 
16 
 
Mandela Metropolitan University (NMMU) was used to access full text medical and 
nursing journals from sites such as Emerald, MEDLINE (via PubMed), CINHAL, 
Academic Search Premier, E-journals and Health source – Nursing/Academic 
edition. Specific sites related to intensive care nursing and medicine such as 
Medscape, were also used to search electronic Journals. In order to obtain the best 
results some search strategies were used to filter through the vast amount of 
literature available: 
  Wildcards – where words are right-handed truncated using an asterisk (*) in 
place of other characters for example “weaning * mechanical ventilation”  
 Boolean Operators – where “AND”, “NOT” and “OR”  were used to specify 
multiple words in any field and order, for example, “weaning “AND”,  
mechanical ventilation”, “weaning “NOT” mechanical ventilation”, and  
“weaning “OR”,  mechanical ventilation” – was the most frequently used 
keywords search strategy during the literature search process.  
 The Pearl Grow technique where references of text books and articles are 
scanned for relevant literature sources was also used. The researcher then 
used alpha search options to find the articles or journals, using the titles and 
authors. This process assisted the researcher to use mostly primary research 
data. 
 Hand searching of scientific journals such as the South African Medical 
Journal, The South African Journal of Critical Care (SAJCC), Chest and 
medical textbooks was also used as a search strategy. This process allowed 
access to literature that may not be available through the general search 
engines used in the study. 
 
The following search terms were used to search for relevant data:  
 Wean* from mechanical ventilation, 
 Discontinuing mechanical ventilation, 
 Protocol based weaning from mechanical ventilation, 
 Weaning “AND” mechanical ventilation, 
 Wean* mechanical vent*, 
 Weaning mechanical ventilation,  
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 Weaning “OR” mechanical ventilation, and 
 Weaning “NOT” mechanical ventilation 
 
The language chosen for the literature search was English and mostly randomised 
controlled trials as well as Meta-analysis type studies were used as these studies are 
considered to be more robust in nature and provide the most compelling evidence. 
However, observational studies and case studies were not excluded as many of 
these studies corroborate the findings of Randomised Controlled Trials (RCTs). 
Opinion papers and literature review papers were also used for the purpose of the 
literature review. No time frame limit was used in the literature search.  
2.3 OVERVIEW OF WEANING FROM MECHANICAL VENTILATION 
This section is aimed at providing a general overview of weaning from mechanical 
ventilation and will cover aspects such as mechanical ventilation in general, as well 
as a broad overview of the definitions used in weaning. 
2.3.1 Introduction to mechanical ventilation and weaning 
Before weaning can be discussed it is imperative that that the process of mechanical 
ventilation (MV) be reviewed in order to provide better understanding. As mechanical 
ventilation is not the primary topic of the research study only a brief summary of the 
most important aspects will be covered. 
 
In medicine, mechanical ventilation can be defined as a method to mechanically 
assist or replace spontaneous breathing. This is usually achieved with the use of a 
specialised machine referred to as a ventilator. It is most often used as a short term 
measure during general anaesthesia or during a period of critical illness in the setting 
of the intensive care unit. The goals of mechanical ventilation are to provide 
oxygenation, protect the lungs from barotrauma, to reduce the patient’s work of 
breathing (WOB), to provide patient comfort, and to correct acid-base imbalances 
(Engelbrecht & Tintinger, 2007:118). 
 
The indications for MV are diverse but it is usually a life-saving measure when a 
patient’s spontaneous ventilation is inadequate to sustain life. The following is a list 
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of general indications for mechanical ventilation: 
 Acute lung injury, 
 Apnoea with respiratory arrest including cases of poisoning, 
 Chronic Obstructive Pulmonary Disease (COPD), 
 Peripheral muscular disease including Guillain-Barre syndrome and 
Myasthenia Gravis, 
 Hypoxemia, and 
 Hypotension and critical illness such as septic shock (Engelbrecht & Tintinger, 
2007:119). 
 
Mechanical ventilation remains one of the most commonly used technologies in the 
Intensive Care Unit (Burns, 2005:14). Reported rates of patients being mechanically 
ventilated are as high as 90% (McLean et al. 2006:299). Although lifesaving, 
mechanical ventilation is associated with numerous well-documented complications, 
such as ventilator-associated pneumonia (VAP), and increased patient mortality and 
morbidity linked to prolonged use of the treatment modality (Rose & Nelson, 
2006:74). It is therefore of paramount importance that the patient should be weaned 
from mechanical ventilation as soon as physiologically possible. 
2.3.2 Definition of weaning 
Many different definitions of weaning from mechanical ventilation are found in the 
literature. Hess (2001:474) defined weaning as the process that signals a change in 
the interaction between the ventilator and the patient. The intent is to decrease 
ventilatory support and thus require the patient to assume a greater proportion of the 
ventilatory workload. Hermant et al. (2006:435) state that weaning from the 
mechanical ventilator is the process of abruptly or gradually withdrawing ventilatory 
support. These authors included the term abrupt withdrawal as for 75% of patients 
mechanical ventilation can be discontinued without a gradual decrease in ventilatory 
support (Hermant et al., 2006435). 
  
The process of weaning has been conceptualised into distinct phases. Knebel, 
Shekelton, Burns, Clochesy, Hanneman and Ingersoll (1994:417) were the first to 
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conceptualize weaning and described a weaning continuum model with three distinct 
phases of weaning: In the pre-weaning stage active weaning does not occur 
because the condition that prompted MV has not resolved or complications are 
present. The next stage is the weaning phase – where the patient’s condition has 
stabilized and ventilator weaning has begun. The last stage of weaning refers to the 
outcome and has many endpoints with a goal of spontaneous breathing without an 
artificial airway (Knebel et al., 1994:417). The outcome stage may also include 
incomplete weaning where the patient remains on partial ventilatory support, 
irreversible ventilatory dependence or death (Burns, Ryan & Burns 2000:2260).  
 
Khamiees, Raju, DeGirolamo, Amoateng-Adjepong and Manthous (2001:1262) state 
that weaning from MV involves assessing the patient’s ability to breathe without a 
ventilator. The core aspect of this definition is the ability of the patient to breathe 
spontaneously and the ability to sustain ventilation without an artificial airway. Boles 
et al. (2007:1033) concur that weaning covers the entire process of weaning the 
patient from ventilatory support and from the artificial airway which is usually an 
endotracheal or a tracheostomy tube. 
 
Grap et al. (2003:454) state that weaning from mechanical ventilation includes both 
the assessment of a patient’s ability to breathe independently as well as the 
systematic reduction in ventilatory support. Some authors mainly define weaning as 
a gradual process of decreasing ventilatory support to a point where mechanical 
ventilation can be discontinued altogether (Mclean et al., 2006:299).  
Whichever definition is best is open to debate. Evidence-based guidelines on 
weaning from mechanical ventilation have proposed that patients should be 
classified into three groups according to the difficulty and length of the weaning 
process. These three groups are classified as follows: 
 Group 1: Patients classified in group 1 account for 69-75% of all mechanically 
ventilated patients and are referred to as the simple weaning group. The 
members of this group have a good prognosis with an ICU mortality rate of 
5%. Patients usually progress from initiation of mechanical ventilation to 
successful extubation on the first weaning attempt. 
 Group 2: this group represents 15-20% of mechanically ventilated patients.  
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Most of these patients suffer from chronic obstructive pulmonary disease and 
Adult Respiratory Distress Syndrome (ARDS). This group are classified as 
difficult to wean and requires up to three spontaneous breathing trials (SBTs) 
or up to seven days of weaning from the first spontaneous breathing trial to 
achieve successful weaning.  
 Group 3: Up to 15% of mechanically ventilated patients would be in the 
prolonged weaning group and these patients have failed at least three prior 
weaning attempts. More than seven days of weaning are required after the 
first spontaneous breathing trial (Vallverdú, Calaf, Subirana, Benito & 
Mancebo 1998:1855, Boles et al., 2007:1036). 
 
This classification allows for patients to be categorised into groups where ventilatory 
support can either be discontinued abruptly or where a gradual reduction in 
ventilatory support is more appropriate (Boles et al., 2007:1036). 
 
The next question that needs clarification is when weaning from mechanical 
ventilation should be considered a failure or successful. Boles et al. (2007:1035) state 
that weaning failure can be defined as either the failure of a Spontaneous Breathing 
Trial (SBT) or the need for reintubation within 48 hours post extubation. Girard et al. 
(2008:128) state that weaning can be considered successful if the period of unassisted 
breathing lasts at least 48 consecutive hours. Keenan, Powers, McCormack and Block 
(2002:3239) added that 48 hours of successful spontaneous unassisted breathing can 
be considered to be indicative of weaning success. Non-invasive Positive Pressure 
Ventilation (NIPPV), which is a form of mechanical ventilation where a mask is used to 
supply positive pressure breaths instead of an endotracheal tube, is also pertinent to 
weaning. Patients who require Non-invasive positive pressure ventilation following 
extubation can be classified as “weaning in progress” and are not considered 
successfully weaned of mechanical ventilation (Keenan et al., 2002:3239). There is thus 
consensus that 48 hours’ post discontinuation of mechanical ventilation without the 
need for reintubation or non-invasive positive pressure ventilation can be accepted as 
indicating weaning success. 
Two important viewpoints regarding Non-invasive positive pressure ventilation needs 
mentioning as they relate directly to weaning from mechanical ventilation: One 
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multicentre, randomised control trial was conducted to test the effectiveness of non-
invasive positive pressure ventilation (NIPPV) in reducing the rate of reintubation and 
mortality in patients following post extubation respiratory distress against standard 
medical therapy (immediate reintubation). Esteban, Frutos-Vivar, Furgusson, Arabi, 
Apezteguia, Gonzales, Epstein, Hill, Nava, Soares, Dempiare, Alia and Anzueto, 
(2004:2457) found that there was no difference in the rate of reintubation between the 
two groups. Furthermore, the mortality among patients receiving non-invasive positive 
pressure ventilation was significantly higher than in the control group). The authors 
concluded that based on current evidence the use of non-invasive positive pressure 
ventilation should be reserved for patients with Chronic Obstructive Pulmonary disease 
(COPD). It also may be beneficial in this group as a method to avoid invasive positive 
pressure ventilation. One aspect is clear: not all patients should receive non-invasive 
positive pressure ventilation who develop post extubation respiratory distress following 
weaning from mechanical ventilation (Esteban et al., 2004:2457). The full role of non-
invasive positive pressure ventilation as it relates to mechanical ventilation and weaning 
is a vast topic. This should thus be addressed in a separate study with non-invasive 
positive pressure ventilation as the focus point.  
 
In summary, based on the literature, weaning can be defined as either the gradual or 
abrupt withdrawal of MV. The majority of patients can be extubated on the first 
weaning trial while some will require extended periods of weaning. If a patient 
remains off mechanical ventilation for more than 48 hours following extubation the 
weaning trial can be considered successful. If NIPPV is required post removal of 
endotracheal tube weaning cannot arbitrarily be considered successful and is in 
actual fact still in progress. Non-Invasive Positive Pressure Ventilation should also not 
be used as a general measure to treat post-extubation respiratory distress. 
2.4 MODES OF WEANING FROM MECHANICAL PROCESS 
Once the initial indications for mechanical ventilation have been resolved, the focus 
shifts to weaning and removal of the endotracheal tube. Several approaches to 
weaning, such as spontaneous breathing trials, pressure support ventilation (PSV), 
Synchronized Intermittent Mandatory Ventilation (SIMV) and T-piece weaning exist. 
In this section of the study these weaning modalities will be discussed in order to 
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gain insight into how the techniques work and the advantages and disadvantages 
related to each weaning approach.  
2.4.1 Synchronized Intermittent Mandatory Ventilation 
Synchronised Intermittent Mandatory Ventilation (SIMV) is a ventilator mode where a 
preset mechanical breath is delivered at predetermined intervals. The mandatory 
breaths can either be flow (volume) or pressure cycled and the spontaneous breaths 
can be augmented with pressure support (MacIntyre, 2007:1052). When using 
Synchronized Intermittent Mandatory Ventilation, breaths can be either ventilator 
controlled or spontaneous where the mandatory breaths are synchronized with 
patient effort (Hess, 2001:475). When the ventilator senses a breathing attempt from 
the patient using a flow sensor, the preset ventilator breath is delivered. The patient 
is allowed to breathe between mandatory breaths allowing synchronisation between 
patient effort and ventilator breaths (Engelbrecht & Tintinger, 2007:120). 
 
During Synchronized Intermittent Mandatory Ventilation weaning, mandatory breaths 
are systematically reduced to increase spontaneous breathing up to a point where 
the patient does not require the mandatory breaths to maintain adequate ventilation. 
When weaning the patient from mechanical ventilation using the SIMV mode the 
mandatory breaths are reduced stepwise over a period of time based on patient 
tolerance. When the mandatory respiratory rate is reduced to four or less per minute 
a decision regarding extubation readiness can be made. (Engelbrecht & Tintinger, 
2007:120). 
 
Several advantages have been claimed for SIMV weaning as it is proposed to 
prevent patient-ventilator dysynchrony, reduce respiratory muscle fatigue and thus 
expedite weaning. However, due to the fact that Synchronized Intermittent 
Mandatory Ventilation is delivered in a synchronised manner using demand valve 
circuitry, the work of breathing is actually increased (Esteban, Frutos, Tobin, Alia, 
Solsana, Velverdu, Fernandez, De la Cal, Benito, Tomas, Carriedo, Macias & 
Blanco, 1995:348). 
The original intent of Synchronized Intermittent Mandatory Ventilation was to rest the 
respiratory muscles during mandatory breaths and to allow for endurance exercise 
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during spontaneous breaths. However, evidence suggests that respiratory muscle 
rest does not occur during the delivery of the mandatory breaths in SIMV mode. It is 
not possible for the respiratory centre to adapt its output in anticipation of the next 
breath type from the ventilator, be it a spontaneous or mandatory breath. The 
respiratory centre output and respiratory muscle output are thus as great during the 
mandatory breaths as the spontaneous breathing efforts (Hess, 2001:475).  
2.4.2 Pressure Support Ventilation 
When a patient attempts to breathe through the narrow lumen of the endotracheal 
tube, the higher resistance to airflow leads to increased work of breathing (WOB). 
Pressure Support Ventilation (PSV) was initially introduced to overcome the 
resistance imposed by the artificial airway by providing the patient with elevated 
pressure (support) from the ventilator during patient triggered breaths. The initial use 
for Pressure Support Ventilation was as an adjuvant to Synchronized Intermittent 
Mandatory Ventilation (SIMV) in order to reduce the work of breathing during 
spontaneous breathing attempts. This has changed however as Pressure Support 
Ventilation is now frequently employed as a standalone ventilator mode and as 
weaning modality (Hess, 2001:475). 
 
Hess (2001:475) state that with Pressure Support Ventilation (PSV) all breaths are 
patient triggered and pressure limited. When the level of Pressure Support is high 
relative to patient effort nearly full ventilatory support is given. Pressure support 
ventilation can thus be used as stand-alone weaning modality With pressure support 
weaning, the level of pressure is reduced as tolerated by the patient and more 
patient effort is required to maintain adequate minute ventilation (Hess, 2001:475). 
One distinct advantage of using pressure support weaning is its ability to overcome 
the work of breathing imposed by the ventilator, circuits and endotracheal tube (El-
Khatib et al., 2008:224). 
 
When the patient can tolerate a level of pressure support, widely accepted as 5-8 cm 
of water, extubation can be considered as that level of pressure support is just 
enough to overcome the resistance of the endotracheal tube (Hess, 2001:475; 
Tobin, 2001:1993).The main advantage of Pressure Support Ventilation over SIMV 
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weaning is that it can be more synchronous with patient effort leading to a possible 
reduction in the actual WOB (MacIntyre, 2007:1052). 
2.4.3 T-Piece weaning 
T-piece weaning refers to the practice of using a specially configured connector tube 
that fits on the endotracheal tube and supplies the patient with supplemental oxygen 
during weaning from mechanical ventilation. By using this method extubation 
readiness can be objectively assessed with the endotracheal tube still in place. A 
practice that is becoming increasingly popular is the use of the ventilator to conduct 
a spontaneous breathing trial instead of the usual T-piece connection. This allows for 
better assessment using ventilator parameters such as spontaneous tidal(TV) 
volume and minute ventilation (VE) as well as the ability to provide the patient with 
Pressure Support and Positive End Expiratory Pressure (PEEP) to overcome the 
resistance to the artificial airway (Hess, 2001:474). 
 
However, a multicenter randomised controlled trial (RCT) found that there is no 
difference in outcome between patients weaned with either the conventional T-piece 
or using the ventilator with a pressure support level of 7cm of water to conduct a trial 
of spontaneous breathing (Esteban, Alia, Gordo, Fernandez, Jose, Valverdue, 
Macias, Allegue, Blanco, Carriedo, Leon, de la Cal, Taboada, de Velasco, Palazon, 
Carrizoosa, Tomas, Suarez & Goldwasser. 2007:462). It is noteworthy that in this 
study the group weaned successfully with Pressure Support on the ventilator was 
10% more than those weaned with a conventional T-piece. The authors concluded 
that this result was not statistically significant (P= 0.14) and thus not clinically 
relevant (Esteban, et al., 1997: 462). 
 
The first method of T-piece weaning was the practice of providing the patient with 
multiple periods per day of spontaneous breathing, usually of increasing length until 
the patient could tolerate breathing spontaneously on the T-piece for such a time 
period that indicated that extubation was possible. However, the exact time that a 
patient needed to breathe spontaneously before weaning could be considered 
successful was never established. This practice has fallen out of favour as it was 
labour intensive and frequently resulted in patient fatigue following extended time 
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periods of breathing spontaneously through the narrow endotracheal or 
tracheostomy tube. The consensus is that a once daily trial on the T-piece for a 
period of 30 minutes is the most efficient and effective method to conduct T-piece 
weaning (Boles et al., 2007:1042). 
 
The best predictor of weaning capacity is considered to be the assessment of 
respiratory capacity during a spontaneous breathing trial (SBT). The spontaneous 
breathing trial can be conducted by using wall mounted oxygen via T-piece or the 
ventilator using low levels of pressure support of 5-8 cm H2O with no or up to 5 cm 
Positive End Expiratory Pressure (Kupfer & Tessler, 2001:8; Boles et al., 2007:1042, 
Esteban et al., 1997:462). As previously noted, no differences in weaning outcome 
were found between using the ventilator to conduct the spontaneous breathing trial 
or using the T-tube with wall-mounted oxygen. This was confirmed in the study by 
Matić and Majerić-Koger (2004:165). The only advantage of using the ventilator was 
that exhaled volumes such as tidal volume and minute ventilation could be directly 
measured. Moreover, re-establishment of mechanical ventilation can be achieved 
more quickly in the case of trial failure when the ventilator is used to conduct the 
SBT (Hess, 2001:474).  
 
It appears that conducting a T-piece trial every 24 hours is the most convenient way 
of using this weaning modality. When patients fail multiple trials, progressively 
increased time spent on T-piece is also an effective way of weaning from mechanical 
ventilation. The spontaneous breathing trial will be discussed in more detail later in 
this chapter. 
2.4.4 Comparison of the different weaning modes 
Comparing the efficacy of using different weaning modes remains a continuously 
debated issue (Caroleo, Agnello, Abdallah, Santagelo, & Amantea, 2007:421). Two 
informative studies were conducted in order to clarify the debate: The Spanish Lung 
Failure Collaboration group compared four methods of weaning from mechanical 
ventilation. The four methods included once daily trials of spontaneous breathing, 
Pressure Support weaning (PSV), intermittent mandatory ventilation (SIMV) and 
multiple daily trials of spontaneous breathing. This study was a multicenter RCT and 
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only included patients who had failed prior weaning attempts (difficult to wean). The 
results proved once daily trials of spontaneous breathing resulted in extubation three 
times faster compared with SIMV and twice as quickly compared with Pressure 
Support weaning. No difference in extubation outcome was found between the 
groups randomised to once daily and multiple daily trials of spontaneous breathing 
(Esteban et al., 1995:348). 
 
The second study randomised patients to be weaned with Pressure Support (PSV), 
SIMV, or T-Piece. The outcome was measured as the number of patients who could 
not be weaned at 21 days. The study found that there were less weaning failures at 
21 days with PSV (8% failure rate) than with the other two weaning techniques. 
Once again SIMV weaning proved to be the least successful weaning method (39% 
failure rate) (Brochard, Rauss, Benito, Mancebo, Conti, Rekik, Gasparetto & 
Lemaire, 1994:899). 
 
The major strength of both these studies is the fact that all the patients enrolled for 
the studies had failed at least one prior weaning attempt and were classified as 
difficult to wean (Meade et al., 2001:430).Of note is the fact that, in such a diverse 
study population, in both studies weaning with Pressure Support and T-piece had 
statistically significant advantages over SIMV weaning. Even though the results of 
the studies appear to be contrasting, one conclusion can be drawn with absolute 
certainty: SIMV is the least effective weaning method. As previously noted, it is not 
possible for the respiratory centre to adapt its output in anticipation of the next breath 
type from the ventilator, be it a spontaneous or mandatory breath. There is also no 
good evidence that loading the respiratory muscles with progressively more work as 
in SIMV weaning provides any physiological benefit (Esteban et al., 1995:348, 
MacIntyre, 2007:1052). It can thus be concluded that SIMV weaning may result in 
fatiguing of the respiratory muscles rather than alternating periods of rest and 
exercise (MacIntyre, 2007:1052; Hess, 2001:475). 
 
 
Evidence-based guidelines also recommend that SIMV should be avoided as a 
weaning modality (Boles et al., 2007:1042). This recommendation is corroborated by 
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MacIntyre et al. (2001:384), stating that SIMV is an inferior weaning mode to either 
pressure support or T-tube trials and that it is much easier to reduce the pressure 
support than reducing mandatory rate. The recommendations from MacIntyre et al. 
(2001:384) suggest that the once daily strategy is superior to multiple daily trials on 
T-piece and that waiting 24 hours before conducting the next trial provides time for 
muscle recovery and unloading. There is however agreement that multiple daily trials 
of T-piece breathing should be reserved for the difficult-to-wean patient such as 
those failing multiple trials of spontaneous breathing (MacIntyre et al., 2001:384). 
 
Kupfer et al. (2001:9) agree that SIMV should be avoided as a weaning modality, but 
add that the mode of weaning (pressure support versus T-tube or spontaneous 
breathing trial) is not significant as to the approach to weaning. The lack of a 
systemic weaning strategy such as weaning protocols have been found to delay 
recognition of a patient’s ability to breath spontaneously and results in an overly 
conservative approach to weaning (Kupfer et al., 2001:9). 
 
Based on casual observation and experience with SIMV weaning, the researcher is 
of the opinion that this weaning modality does in fact delay weaning as the patient is 
prone to become tired during the weaning process. This may be evidence of 
respiratory muscle fatigue caused by insufficient respiratory muscle rest during the 
mandatory breaths of SIMV weaning. 
 
In summary, SIMV should be avoided as a weaning mode. Pressure support 
weaning and once daily trials of T-piece breathing (SBT) are considered to be 
equally effective. Multiple daily trials of T-piece breathing are not more effective than 
the 24-hour waiting period approach. The method of weaning and its success is also 
influenced by the availability of systemic approaches to weaning such as protocols. 
There is also no clear difference or advantage in using the ventilator to conduct a 
trial of unassisted breathing or using a T-piece with wall-mounted humidified oxygen. 
  
2.5 THE WEANING PROCESS 
The next section focuses on the process of weaning from mechanical ventilation with 
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specific reference to the criteria used to assess weaning readiness, the spontaneous 
breathing trial and indexes proposed to predict weaning outcome. 
2.5.1 Overview 
There is some debate in the literature about when the weaning process actually 
commences. The viewpoint of Algesan (2002:80) is that the weaning process 
commences as soon as mechanical ventilation is initiated by using a daily screen of 
criteria to assess if the patient is ready to be weaned. Stawicki (2007:13) concurs 
that a focused daily screen can aid in identifying patients who are potential 
candidates for weaning.  
2.5.2 Criteria to assess weaning readiness 
Prediction of weaning readiness based on clinical judgement alone has been 
deemed inaccurate. Stroetz and Hubmayr (2005:1034) found that physicians could 
not accurately predict tolerance of a 1-hour period spontaneous breathing trial. 
Secondly, Afesa, Hogan and Murphy (1999:457) reported that physicians could not 
accurately forecast 3-day and 7-day weaning outcome for mechanically ventilated 
patients in a medical intensive care unit. There is thus a sound rationale that 
predicting the readiness of patients to be successfully weaned from mechanical 
ventilation needs to be based on objective parameters that can be applied in clinical 
decision making (Afesa et al., 1999:457). 
 
Patients on MV should be screened for the possibility of weaning at least once a day 
(Boles et al., 2007:1035). The first criterion to be met by the patient before weaning 
can commence is that the underlying disease process that required MV has been 
resolved or has sufficiently improved (Hermant et al., 2006:436). This view is 
universally found as the most essential and basic pre-condition that needs to be met 
before weaning is commenced. MacIntyre et al. (2001:380) state that the subjective 
clinical assessment should prompt the physician to believe weaning is possible as 
the acute phase of the disease process has resolved.  
According to Robertson (2007:3), the following criteria should be considered in 
weaning the patient from mechanical ventilation:  
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 Ensure that the original indication for MV has satisfactorily resolved; 
 Ensure appropriate organ function as follows: 
 Respiratory: FiO2 at lowest level; 
 Low SpO2 acceptable if there is a history of COPD; 
 PaO2/FiO2 ratio 200; which is the ratio of alveolar partial pressure of 
oxygen to fraction of inspired air. A value of more than 200 indicates 
adequate oxygenation. A PaO2/FiO2 ratio of less than 200 indicates 
poor oxygenation and decreases the likelihood of successful weaning. 
 Resolution of reversible pulmonary pathology, e.g. ARDS; 
 Ensure no mechanical factors, e.g. flail chest, impedes on normal respiration; 
 Cardiovascular status: haemodinamically stable, no or low dose inotropes; 
patient should not be pyrexial (38°C) and haemoglobin level must be more 
than 8g/dl 
 Neurologic – patient should be cooperative with adequate gag and cough 
reflex; 
 Metabolic – absence of severe acidosis, normal serum electrolytes. 
 
MacIntyre et al. (2001:380) state that both objective and subjective clinical 
assessments are important when deciding if a patient is ready to be weaned from 
mechanical ventilation. These assessments are outlined in the following table: 
 
 
 
 
 
 
 
 
 
 
Table 2.1 Criteria to assess weaning readiness 
Criteria Description 
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Objective 
measurements 
Adequate oxygenation (e.g. 60 mm Hg on FiO2 0.4; 
PEEP 5-10 cm H2O; PO2/FiO2 150-300); 
Stable cardiovascular system (e.g. HR 140; stable BP; no 
(or minimal) pressors); 
Afebrile (temperature <38°C); 
No significant respiratory acidosis; 
Adequate haemoglobin (e.g. Hgb 8-10 g/dL); 
Adequate mentation (e.g. arousable, GCS 13, no 
continuous sedative infusions); 
Stable metabolic status (e.g. acceptable electrolytes) 
Subjective  
clinical assessments 
Resolution of disease acute phase; physician believes 
discontinuation possible; adequate cough 
Source: MacIntyre et al. (2001:380). 
 
Macintyre et al. (2001:380) also state that weaning from mechanical ventilation 
should not be considered if any type of surgery is anticipated within 48 hours from 
the time of contemplating weaning. It is important to note in Table 2.1 that the patient 
should have a stable blood pressure with no or minimal inotropic support.  
 
There appears to be consensus in the literature regarding the criteria to assess if a 
patient can begin a trial of weaning from mechanical ventilation. Based on the 
previous discussion about the criteria used to assess for weaning readiness, it is 
clear that the patient’s haemodynamic and respiratory status must have improved 
significantly before weaning from mechanical ventilation can be contemplated. It is 
also noteworthy that screening for weaning readiness does not only take the 
pulmonary status of the patient into account. Assessment of cardiovascular function 
as well as the metabolic status such as sodium and electrolyte balance as well as 
body temperature is also considered as important before weaning from MV can be 
contemplated. It is also noted that the patient needs to be neurologically stable 
(Glascow Coma Scale >13) and cooperative in order for weaning from mechanical 
ventilation to commence (Macintyre et al. 2001:380).  
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Some pulmonary function parameters are considered in the literature as accurate 
indicators of a patient’s readiness to be weaned from mechanical ventilation. These 
parameters focus on respiratory function and muscle strength and also take 
endurance into account (Baird, Keen, & Swearingen, 2005:19). Table 2.2 outlines 
the most prominent pulmonary function parameters that can be considered. 
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Table 2.2 Pulmonary function parameters for the patient being weaned from 
mechanical ventilation 
Pulmonary function Optimal parameters Definition 
1) Minute ventilation 6-10 L/min 
Tidal volume x respiratory rate; if 
adequate, means patient is 
breathing at a stable rate with 
adequate tidal volume 
2) Negative inspiratory 
force 
 -20 cm H2O 
Measures respiratory muscle 
strength; maximum negative 
pressure that patient is able to 
generate to initiate spontaneous 
respirations; indicative of patient’s 
ability to initiate inspiration 
independently 
3) Maximum voluntary 
ventilation 
2 x resting minute 
ventilation 
Measures respiratory muscle 
endurance; indicates patient’s 
ability to sustain maximal 
respiratory effort 
4) Tidal volume 5-10 ml/kg 
Indicates patient’s ability to 
ventilate lungs adequately 
5) Arterial blood gases 
PaO2  60 mm Hg 
PaO2 45 mm Hg 
pH 7.35-7.45 
or patient’s baseline 
 
6) Fractional 
concentration of 
inspired oxygen (FiO2) 
0.40  
Source: Baird et al. (2005:19). 
 
It is noteworthy that most if not all of these parameters can be established by the 
nurse at the bedside. These parameters also take little time to assess and can easily 
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be integrated in the care of the mechanically ventilated patient. It must be noted that 
some patients who do not meet all of these criteria may be ready to begin a weaning 
trial. Conversely, 18% of patients who passed a weaning screen needed reintubation 
post discontinuation of MV (Hermant et al., 2006:435). Premature extubation carries 
its own set of problems; these include difficulty in re-establishing an artificial airway, 
compromised gas exchange, VAP and increased mortality (MacIntyre 2004:831). It is 
thus important that weaning screens be performed by skilled and knowledgeable 
health care workers and must include clinical judgement by the attending physician. 
Blackwood et al. (2004:28) found that both empirical evidence and sound clinical 
judgement can be used to identify patients ready for weaning from MV. 
2.5.3 The Spontaneous Breathing Trail 
The Spontaneous Breathing Trial (SBT) is considered the most effective method of 
assessing a patient’s capability to breathe without the mechanical ventilator.  
2.5.3.1 Overview of the Spontaneous Breathing Trial 
Once the condition that prompted MV have resolved and empirical evidence suggest 
that weaning from MV is possible the next phase in the process of weaning begins. Ely, 
Baker, Dungan, Burke, Smith, Kelly, Johnson, Browder, Bowton and Haponik 
(1996:1868) found that a gradual decrease in ventilatory support is not necessary and 
that screening tests can accurately identify patients capable of breathing spontaneously.  
2.5.3.2 The Spontaneous Breathing Trial 
Once a patient passes a readiness to wean screen a decision needs to be made on 
how to proceed with weaning the patient from mechanical ventilation. The study by Ely 
et al. (1996:1864) was set up to establish if the identification of patients capable of 
breathing spontaneously can affect the duration of mechanical ventilation. In this 
randomised controlled trial, which consisted of 300 participants, patients in the 
intervention group who passed a screening test underwent a spontaneous breathing 
trial for two hours either via a T-piece or on the ventilator using Positive End Expiratory 
Pressure (PEEP) of 5 cm H2O and a pressure support of 5-8 cm of water. The patients 
in the control group received usual titration of ventilatory support. Patients who passed a 
two hour spontaneous breathing trial of two hours were promptly extubated. The results 
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of the study showed evidence of a statistically significant reduction in weaning time and 
days on mechanical ventilation as well as a reduction in complications. 
 
Weaning time was reduced from a median of three days in the control group to one 
day in the intervention group. Median days on mechanical ventilation were reduced 
from six days to 4.5 days. Both of these endpoints obtained statistically significant 
results with P values less than 0.003 Complications including reintubation within 48 
hours, self-extubation, tracheostomy and mechanical ventilation for more than 21 
days were reduced from a total of 62 in the control group to 30 in the intervention 
group (Ely et al., 1996:1867).  
 
The best method of conducting the SBT has not been established. As previously 
mentioned, the use of wall-mounted oxygen with a T-piece connection or using the 
ventilator with Pressure Support with or without PEEP is equally effective (Kupfer et 
al., 2001:8; Boles et al., 2007:1042, Esteban et al., 1997:462). The level of Pressure 
Support used during an SBT conducted on the ventilator is widely accepted as 5-8 
cm of water with or without a Positive end expiratory pressure of up to 5cm of water 
(Tobin, 2001:1993). The duration of the SBT has also been a debated issue. In most 
studies the duration of the SBT was two hours (Ely et al., 1996:1867, Esteban et al., 
1995:347, Brochard et al., 1994:899). A multicenter RCT concluded that an SBT trial 
targeted to last 30 minutes is equally effective and less labour intensive than a trial 
lasting two hours. No difference in the mortality and reintubation rates were observed 
between the 30 minute and two hour groups (Esteban, Alia, Tobin, Gil, Anselimo, 
Gordo, Valverdu, Blanch, Bonet, Vazquez, de Pablo, Torres, de La Cal, & Macias, 
1999:515). 
 
Numerous randomised control trials support the use of weaning protocols with the SBT 
as its centrepiece (Girrard et al., 2008:126). The spontaneous breathing trial is also 
considered to be a quick and direct method of testing if a patient can be successfully 
liberated from MV. A lower rate of reintubation following the use of spontaneous 
breathing trials has also been observed (Ely et al., 1996:1867). It is proposed that up to 
76% of ventilated patients can be successfully extubated following a 30-minute SBT 
(Conti, Montini, Pennisi, Cavaliere, Arcangeli, Bocci, Prioietti & Antonelli, 2004:835; 
Literature Review  Chapter Two 
35 
 
Esteban et al., 1999:515). 
 
The use of an SBT has been further validated by the evidence-based guidelines on 
weaning from MV which make the following recommendation: “The SBT is the major 
diagnostic test to determine if patients can be successfully extubated. The initial SBT 
should last 30 minutes and consists of either t-tube breathing or low levels of 
pressure support (5-8 cm H2O in adults) with or without 5 cm H2O PEEP” The 
evidence is also clear that a period of 24 hours is needed for respiratory muscle 
recovery after a failed SBT before a new trial is considered (Boles et al., 2007:1042). 
2.5.3.3 Criteria for Spontaneous Breathing Trial Intolerance 
The spontaneous breathing trial (SBT) is considered to be the benchmark measure 
to discern between patients capable of breathing spontaneously and those that still 
need ventilatory support. Tobin (2001:1992) states that up to 25% of patients, trialled 
with SBT, develop respiratory distress during the course of the trial that is severe 
enough to necessitate reinstitution of MV. In addition, these patients can undergo 
severe cardiovascular stress with increased pulmonary and systemic arterial pressures 
coupled with tachycardia (Tobin, 2001:1992). Monitoring the patient for signs and 
symptoms of SBT intolerance is crucial, as reinstitution of ventilatory support can 
prevent worsening distress and cardiovascular collapse. 
 
Indicators of SBT failure can be subjective and objective. Stawicki (2007:14) 
compiled a comprehensive list of these indicators as outlined below: 
 Inadequate gas exchange 
Arterial oxygenation saturation (SaO2) <85% - 90%; 
PaO2 <50 – 60 mmHg; 
pH < 7.32; 
Increase in PaCO2 >10 mmHg; 
 Unstable ventilatory/respiratory pattern 
Respiratory rate >30 – 35 breaths/minute 
Respiratory rate change over 50% 
 Haemodynamic instability 
Heart rate >120 – 140 beats/minute; 
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Heart rate change greater than 20%; 
Systolic blood pressure >180 mmHg or <90 mmHg; 
Blood pressure change greater than 20%; 
Vasopressors required; 
 Change in mental status 
Coma; 
Agitation; 
Anxiety; 
Somnolence; 
Onset of worsening discomfort ± diaphoresis; 
 Signs of increased work of breathing 
Nasal flaring; 
Paradoxical breathing movements; 
Use of accessory respiratory muscles; (Stawicki 2007:14). 
 
These findings of Stawicki are in agreement with the previous assertion from Tobin 
(2001:1992) that failure of spontaneous breathing trial has a respiratory and 
cardiovascular component. The change in mental status can be attributed to 
hypoxemia secondary to significantly increased oxygen extraction without an 
increased oxygen delivery mediated by increased cardiac output. The increased 
pCO2 can be attributed to rapid and shallow breathing that causes an increase in 
dead space ventilation (Tobin, 2001:1992).  
 
Boles et al. (2007:1041) state that SBT failure can be subjectively and objectively 
assessed. These assessments are outlined in Table 2.3. 
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Table 2.3 Failure criteria of spontaneous breathing trials 
Failure criteria of spontaneous breathing trials 
Clinical assessment and 
subjective indexes 
Agitation and anxiety 
Depressed mental status 
Diaphoresis 
Cyanosis 
Evidence of increasing effort 
Increased accessory muscle activity 
Facial signs of distress 
 Dyspnoea 
Objective measurements Pa,O2 50–60 mmHg on FI,O2 0.5 or Sa,O2 <90% 
Pa,CO2 >50 mmHg or an increase in Pa,CO2  
pH <7.32 or a decrease in pH 0.07 pH units 
fR/VT >105 breaths·min
–1·L–1 
fR >35 breaths·min
–1 or increased by 50% 
fC >140 beats·min
–1 or increased by 20% 
Systolic BP >180 mmHg or increased by 20% 
Systolic BP <90 mmHg 
Cardiac arrhythmias 
 
Pa,O2: partial pressure of arterial oxygen ; FI,O2: inspiratory oxygen fraction; Sa,O2: 
arterial oxygen saturation; Pa,CO2: partial pressure of arterial carbon dioxide; fR: 
respiratory frequency; VT: tidal volume; fC: cardiac frequency; BP: blood pressure. 1 
mmHg = 0.133 kPa 
 
Source: Boles et al. (2007:1041). 
 
Based on the two tables above it is evident that a high degree of agreement exists 
regarding when a spontaneous breathing trial can be considered unsuccessful and 
that trial failure can be objectively assessed as noted in Tables 2.3 and 2.4. 
Subjective clinical assessment as discussed in Table 2.4 is also considered to be 
very important in order to recognise patients in distress early during the course of an 
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SBT (Boles et al., 2007:1041). Three large multicenter randomised controlled trials 
have used bloodpressure changes of more than 20% above the patient’s baseline 
together with onset of worsening discomfort as indicators of spontaneous breathing 
trial failure (Ely et al., 1996:1867, Esteban et al., 1995:347, Brochard et al., 
1994:899). Based on the evidence, it is agreed that a patient who displays any of 
these signs should prompt a recommencement of full ventilator support before 
worsening haemodynamic status occurs (Boles et al., 2007:1041, Stawicky, 
2007:14). 
 
In summary – the SBT is considered the most useful tool to predict weaning 
outcome. Identifying patients ready for a spontaneous breathing trial and promptly 
discontinuing MV if the patient passes a 2-hour trial can significantly reduce time 
spent on MV. The nurses’ role during the SBT is to monitor for signs and symptoms 
of SBT failure as discussed in the previous section. 
2.5.4 Indexes Proposed to Predict Weaning Outcome 
After the patient passes an SBT, extubation should be considered. Numerous 
indexes proposed to predict weaning outcome are found in the literature. The next 
section deals with these indexes with specific reference to the rapid shallow 
breathing index.  
2.5.5 Overview of Weaning Indexes 
Many patients who displayed stable physiological status during weaning from 
mechanical ventilation can develop progressive respiratory compromise after 
extubation that may require reintubation (Conti et al., 2004:830).Therefore much 
focus has been placed on indexes that could help to predict weaning outcome. 
These indexes included maximal inspiratory pressure (MIP), Minute Volume (VE) 
vital capacity, maximal voluntary ventilation, mouth occlusion pressure (PO.1) 0.1 
milliseconds after onset of inspiration, respiratory frequency or rate (RF), tidal 
volume (TV), the rapid shallow breathing index (RSBI) and the compliance, rate, 
oxygenation and pressure (CROP) index (Volta, Alvisi & Marangoni 2006:323). 
These indexes were assumed to be clinically useful if related to the pathophysiology 
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of the respiratory failure; there is a threshold value to discriminate between patients 
who can be successfully weaned and those that are likely to fail a weaning trial. 
Measurement of the weaning index must also be easy and reproducible (Volta et al., 
2006:324).  
 
The problem with most indexes is that weaning is multifactorial and it is almost 
impossible for a single index to account for all the pathophysiological mechanisms 
that are responsible for weaning failure. An example is that cardiac failure can be 
responsible for weaning failure, but none of the weaning indexes consider this 
parameter. The same is true for volume overload in older patients. It therefore seems 
essential that addressing the underlying cause of respiratory failure and failure to 
wean is essential for weaning success and not only to assess the weaning indexes 
available (Volta et al., 2006:324). 
 
Conti et al. (2004:834) performed a blinded Randomised Control Trial of indexes such 
as maximal inspiratory pressure, tidal volume, vital capacity and mouth occlusion 
pressure as proposed to predict weaning outcome. The major findings of that study 
were that all weaning indexes are poor predictors of weaning outcome. The Rapid 
Shallow Breathing Index (RSBI) was the only weaning parameter that obtained a 
statistically significant result for having a high positive predictive rate of weaning 
success. The RSBI also displayed a high specificity to predict weaning failure (Conti et 
al., 2004:835). The conclusion from that study was that all weaning indexes except for 
the RSBI were of little use clinically as none was powerful enough to predict weaning 
outcome and clinicians should base weaning on strict protocols of spontaneous 
breathing trials and clinical judgement (Conti et al., 2004:834). 
2.5.6 The Rapid Shallow Breathing Index (RSBI) 
The RSBI was first described in 1991. The finding was that patients who failed a 
weaning trial developed more rapid and shallow breathing and this led to increased 
dead space ventilation (El-Khatib et al., 2008:222). The rapid shallow breathing is 
considered to be a reliable parameter in predicting weaning success as a value of 
105 is associated with an imbalance between respiratory work and muscle capacity 
that results in a respiratory pattern with small volumes and a high respiratory rate 
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(Caroleo et al., 2007:423).  
 
The rapid shallow breathing index is fairly easy to measure and its value is given as 
breaths/min/litre. The measurement requires the patient to be in a spontaneous 
breathing mode with low levels of pressure support (5-8 cm H2O) with or without a 
positive end expiratory pressure of 5 cm H2O on the mechanical ventilator. The 
respiratory rate is then divided by the average Tidal Volume (TV) in litres to give the 
resultant rapid shallow breathing index (Mahoori, Nowruzinia, Farasatkish, 
Mollasadeghi, Kianfar, & Toutounchi, 2007:32). 
 
An example of the calculation of the rapid shallow breathing index is as follows: A 
patient has been on an SBT for 30 minutes, at the end of the trial the respiratory rate 
is 29/minute and the average TV in litres is 0.240 ml/breath. To calculate RSBI: 
Respiratory Frequency divided by Tidal Volume (Minute Volume/Respiratory 
frequency) is as follows: 29/0.240=120.83 b/min/litre. Mahoori et al. (2007:32) state 
that a true positive result is a RSBI 105 b/min/L and a value below 105 has a 
positive predictive value of 92.5% in identifying patients who can be successfully 
weaned from mechanical ventilation. These findings are corroborated by El-Khatib et 
al. (2008:223) and Alia and Esteban (2000:73) stating that a rapid shallow breathing 
index of < 105 significantly increases the likelihood of successful weaning. 
Furthermore, if the RSBI is 105 the likelihood ratio of successful weaning is low and 
a post test probability of successful weaning is less than 4%. The rapid shallow 
breathing index can be considered user-friendly as it only requires a simple 
computation and no special equipment is needed. 
 
The rapid shallow breathing index can thus be considered a useful tool in deciding 
which patients can be successfully weaned from mechanical ventilation. Consensus is 
that the rapid shallow breathing index should be calculated 5 minutes after 
commencement of an SBT and at the end of the SBT (Caroleo et al., 2007:423). 
Factors such as anxiety and ventilator settings such as inadequate breath triggering 
may influence the results of the rapid shallow breathing index and therefore it should 
not be viewed as an isolated indicator of weaning success or failure. 
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The other indexes that can be of value during weaning from MV include spontaneous 
tidal volumes minute ventilation and respiratory rate. El Khatib et al. (2008:222) state 
that minute volumes/ventilation 10L/minute, Tidal Volume (TV) of 5-10 ml/kg and 
respiratory frequency of less than 30 breaths/minute can all be used as indicators 
that MV can be successfully discontinued. However, based on the results from Conti 
et al. (2004:834), these indexes are not good predictors of weaning outcome. 
Moreover, if the RSBI is measured it is not necessary to use the above mentioned 
parameters as the RSBI gives an indication of both respiratory rate and tidal volume. 
 
The assumption based on the literature is that the SBT is the benchmark test in 
weaning the patient from MV. The RSBI is useful in deciding if weaning can be 
considered a success but should not be viewed in isolation. 
2.6 THE CAUSES OF WEANING FAILURE 
Numerous reasons exist why patients fail weaning trials. In this section these causes 
will be discussed as it is imperative to be aware of the numerous reasons why 
patients fail to wean from MV. 
2.6.1 Overview 
Patients usually require mechanical ventilation when their intrinsic ventilatory and/or gas 
exchange capabilities fail. This failure can be within the lungs itself or in other organ 
systems, especially the central nervous and cardiovascular systems (MacIntyre et al., 
2001:376). When a patient is still ventilated beyond 24 hours and the reason is not 
residual anaesthesia or neuromuscular blockade, the patient can be arbitrarily 
considered ventilator dependent (MacIntyre et al., 2001:376). It is imperative that 
clinicians focus on the reasons for ventilator dependence and not only on mechanical 
ventilatory management. Therefore evidence-based guidelines on weaning from 
mechanical ventilation made the recommendation that in patients requiring mechanical 
ventilation for more than 24 hours, a search for all the causes that may be contributing 
to ventilator dependence should be undertaken. This is particularly true in the patient 
who has failed prior weaning attempts and reversing all possible ventilatory and non-
ventilatory issues should be an integral part of the ventilatory discontinuation process 
(MacIntyre et al., 2001:376).  
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In this section the reasons and epidemiology of failure to wean will be discussed. As 
noted in the guideline recommendations, the search for reversible causes is an integral 
part of weaning the critically ill patient from mechanical ventilation. The most common 
factors that negatively influence weaning from mechanical ventilation include respiratory 
load, cardiac load, and neuromuscular, neuropsychological, metabolic, nutritional and 
haematologic disorders.  
2.6.2 Respiratory load 
Different factors can lead to an imbalance between ventilatory needs and respiratory 
capabilities. Boles et al. (2007:1037) state that the success of weaning is dependent 
on the ability of the respiratory muscles to tolerate the resistance placed upon it and 
that the respiratory load is a function of the resistance and compliance of the 
respiratory muscles. In other words, for breathing to be effective the respiratory 
muscles must be able to overcome the resistance imposed upon them by the work of 
breathing. 
 
The work of breathing (WOB) may be increased by inappropriate ventilator settings, 
e.g. inadequate inspiratory flow rate or flow trigger settings (Boles et al., 2007:1037). 
Inappropriate settings may result in ventilator-patient dysynchrony. Components of 
dysynchrony include the lead time between inspiratory and the onset of flow delivery, 
respiratory onset after onset of flow, ineffective triggering, expiratory effort prior to 
switchover from mechanical inflation to exhalation and the effect of high intrinsic 
positive end expiratory pressure (Auto-PEEP) (Boles et al., 2007:1037). 
 
The literature states that the I:E ratio will decrease as the peak flow rate is 
increased. This will have a negative effect on the respiratory load and will increase 
work of breathing as the patient has less time to fully exhale. This may lead to the 
development of Auto PEEP and increase the work of breathing which may ultimately 
result in weaning failure (Alia et al., 2000:75; Boles et al., 2007:1036). 
 
 
The effect of intrinsic or auto-PEEP is explained by Alia and Esteban (2000:75) in 
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the following example: In a patient with acutely hyperinflated lungs airway resistance 
and/or elastic recoil are decreased leading to prolonged expiration that cannot be 
completed before the next inspiration. This leads to a residual positive pressure at 
the alveolar level, therefore, during the next inspiration the respiratory muscles or 
pump must develop an equal amount of pressure before airflow begins. The result of 
these mechanisms as explained above leads to increased WOB and consequently 
muscle weakness. 
 
Reduced pulmonary compliance is usually a complication of pneumonia, cardiogenic 
or non-cardiogenic pneumonia (ARDS), pulmonary fibrosis and pulmonary 
haemorrhage (Boles et al., 2007:1037). Pneumonia occurring as primary admission 
diagnosis or as VAP 48 hours post admission is common in critically ill patients. 
VAP occurs in 9-67% of patients with variable mortality figures of up to 50% (Chastre 
& Fagon, 2002:867). The use of VAP guidelines and aggressive anti-biotic therapy is 
therefore essential to ensure that the incidence of VAP is reduced as well as 
reducing time spent on MV. In the case of ARDS and cardiogenic pulmonary 
oedema optimisation of cardiac output and reduction of total lung water should be 
part of the goals of therapy, along with lung protective ventilator strategies in the 
case of ARDS (Boles et al., 2007:1037). 
  
Other causes of increased resistive load on the respiratory system includes the 
resistance of the ET tube as well as small diameter ET tube relative to patient size, 
laryngeal and glottic oedema post extubation and increased airway secretions 
(Salam, Tillukdharry, Amoateng-Adjepong & Montous, 2004:1334, Alia and Esteban, 
2000:75). 
 
As noted from the above discussions most of the conditions that interfere with the 
respiratory pump are amenable to therapy. Proper ventilator settings are key to 
decreasing work of breathing. The prevention of VAP that leads to decreased lung 
compliance can greatly reduce time spent on MV. Simple interventions like head of 
bed elevated 30°, thromboprophylaxis, 4-hourly mouth care and gastric ulcer 
prevention can reduce the incidence of ventilator associated pneumonia. Chest 
physiotherapy and proper endotracheal suctioning with subsequent decreased 
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airway resistance should be implemented to facilitate weaning the patient from MV 
(Boles et al. 2007:1040). 
2.6.3 Cardiac load 
MacIntyre et al. (2001:378) state that ventilatory support reductions may lead to 
cardiac ischemia or heart failure in susceptible patients. The mechanism for cardiac 
dysfunction during weaning is hypothesised to occur as follows: Increased metabolic 
demands and thus increased circulatory demand secondary to transition from full 
mechanical ventilatory support to spontaneous breathing in patients with decreased 
cardiac reserve, secondly, increased venous return as the diaphragm displaces 
blood from the abdomen to the chest during contraction, and thirdly, increased left 
ventricular afterload that is imposed by negative pleural pressure swings. These 
factors lead to left ventricular dysfunction and increased pulmonary capillary wedge 
pressure (PCWP) secondary to pulmonary oedema (MacIntyre et al., 2001:378). As 
noted in the section on the respiratory load, increased lung water or cardiogenic 
pulmonary oedema leads to decreased compliance, which might lead to an 
increased resistive load on the respiratory pump. 
 
Boles et al. (2007:1038) state that the increased left ventricular afterload leads to 
increased myocardial consumption of oxygen that may result in the manifestation of 
latent or unrecognised cardiac dysfunction. This notion substantiates the findings by 
MacIntyre et al. (2001) as discussed previously. The beneficial effect of non-invasive 
positive pressure ventilation in patients with cardiogenic pulmonary oedema is also 
evidence that cardiac dysfunction may lead to decreased ability to wean from 
positive pressure ventilation (Nava, Carbone & DiBattista, 2003:168). 
  
The dynamic interaction between the cardiovascular and the respiratory system is 
obvious. The cardiac pump must supply oxygen to the respiratory muscles, if there is 
left ventricular dysfunction oxygen supply is diminished and leads to respiratory 
muscle weakness. Respiratory muscle weakness in turn may lead to decreased 
oxygen uptake and delivery to the heart, further increasing cardiac dysfunction. This 
cycle can be halted by optimisation of cardiac output by utilizing unloading with 
diuretics and thus decreasing myocardial oxygen demand and decreased WOB 
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secondary to decreased total lung water (Boles et al., 2007:1037). 
 
Based on the above discussion, the researcher can conclude that optimising the 
work of breathing can result in decreased weaning time and that the cardiovascular 
system is very important in weaning the patient from MV as cardiovascular 
dysfunction greatly impacts on the respiratory system 
2.6.4 Neuromuscular 
For the patient to be successfully weaned from MV, resumption of neuromuscular 
activity to overcome the impedance of the respiratory system is required (Boles et 
al., 2007:1038). This requires adequate signal generation in the central nervous 
system – if central drive is absent, ventilatory activity upon discontinuation of MV will 
not commence despite hypercapnia. Brain stem injury is a common cause of 
depressed central drive. Secondly, metabolic alkalosis may impede central drive 
(Boles et al., 2007:1038).  
 
Failure of peripheral nerves may also be due to structural or metabolic factors. These 
neuromuscular disorders include Myasthenia Gravis, Guillain-Barré Syndrome and 
motor neuron diseases (Boles et al., 2007:1038). Critical illness neuromuscular 
abnormalities (CINMA) and critical illness polyneuropathy are other frequent causes of 
failure to wean. Critical illness polyneuropathy is reported to be the most common 
neuromuscular abnormality in the ICU setting and is usually associated with severity of 
illness, Multiple Organ Dysfunction Syndrome (MODS), corticosteroid exposure, 
hyperglycaemia and prolonged ICU stay Furthermore, it is postulated that 
neuromuscular abnormalities leading to failure to wean are directly associated with 
corticosteroid exposure. Critical illness polyneuropathy is considered a frequent 
cause of weaning failure as it affects all peripheral nerves including the muscles of 
respiration (Boles et al., 2007:1038). 
 
The causes of critical illness polyneuropathy are in part preventable – corticosteroids 
should only be used when benefits outweigh the risk, while maintaining strict 
glycaemic control and the prevention of MODS following sepsis all contribute to 
minimizing the incidence of critical illness polyneuropathy. The other factors that may 
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impede weaning the critically ill patient from MV include metabolic disturbances – 
hypophosphateamia, hypomagnesaemia and hypokalemia all cause peripheral 
muscle weakness and will also contribute to failure to wean. Table 2.5 outlines the 
factors that may impact negatively on weaning from MV (Boles et al., 2007:1039). 
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Table 2.4 Common pathophysiologies and their incidence which may 
impact on the ability to wean a patient from mechanical ventilation 
 
Pathophysiology 
 
Consider 
Respiratory load Increased work of breathing, inappropriate ventilator 
settings 
Reduced compliance pneumonia (ventilator-acquired) 
cardiogenic or noncardiogenic oedema, pulmonary fibrosis, 
pulmonary haemorrhage, diffuse pulmonary infiltrates.  
Increased resistive load during SBT endotracheal tube and 
post-extubation glottic oedema, increased airway 
secretions: sputum retention 
Cardiac load Cardiac dysfunction prior to official illness 
Increased cardiac workload leading to myocardial 
dysfunction: dynamic hyperinflation, increased metabolic 
demand, unresolved sepsis 
Neuromuscular Depressed central drive metabolic alkalosis: mechanical 
ventilator, sedative/hypnotic medications 
Central ventilatory command: failure of the neuromuscular 
respiratory system. 
Critical Illness Neuromuscular Abnormalities (CINMA) 
Neuropsychological Delirium 
Anxiety, depression 
Metabolic Metabolic disturbances 
Role of corticosteroids 
Hyperglycaemia 
Anaemia Ventilator-induced diaphragm dysfunction 
Source: Boles et al., 2007:1036. 
 
The causes failure to wean are diverse as noted from Table 2.5. When nurses and 
clinicians are aware of these causes that are preventable and/or amenable to 
treatment, they can be eliminated or at least moderated. Once a patient fails a 
weaning trial there must be an active search for a reversible cause. The 
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recommendations from Boles et al. (2007:1040) state that reversible pathology 
should be aggressively and repeatedly sought in all patients in group 2 or 3 (of 
weaning) and that ongoing surveillance for load, neuromuscular competence, 
metabolic, endocrine and nutritional abnormalities is important. Emerging literature 
supports a search for critical illness polyneuropathy and neuropsychological 
contributors to weaning failure (Boles et al. 2007:1040). 
2.7 THE ROLE OF SEDATION MANAGEMENT IN WEANING 
There has been high interest in the role of daily interruption of sedation and on 
targeted sedation in the critically ill patient to reduce time spent on mechanical 
ventilation and on intensive care unit length of stay. The next section focuses on 
sedation management as it relates to weaning protocols.  
2.7.1 Overview of sedation management 
Analgesic and sedative medications are frequently used in critically ill patients 
requiring mechanical ventilation. Gehlback and Kress (2001:290) state that opiates 
such as morphine and fentanyl and benzodiazepines such as midazolam are the 
most frequently used agents to provide patient comfort and safety in the ICU. These 
medications can be delivered either via continuous IV infusions or by intermittent 
bolus dosages (Rhoney & Murry, 2003:60). The rationale behind using a continuous IV 
infusion is to attain a more constant level of patient comfort. However, in a prospective 
observational cohort study involving 252 medical intensive care unit patients it was 
demonstrated that continuous IV sedation is associated with a longer duration of 
mechanical ventilation. Additionally ICU and hospital length of stay was prolonged in 
comparison with patients not receiving IV sedation (Kollef, Levy, Ahrens, Schaiff, 
Prentice & Sherman, 1998:545).  
2.7.2 Daily Interruption of Sedation 
The provision of sedation free periods for mechanically ventilated patients receiving 
continuous IV sedative infusions have received much attention. This practice involves 
stopping the sedative infusions and allowing the patients to “wake up”, with subsequent 
reinitiation of sedatives at a lower dose than that administered prior to stopping sedation 
(Bruno & Canada, 2006:945). This practice allows for improved neurological 
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assessment of patients and aims to minimize the risk of over-sedation (Bruno & Canada 
2006:945). In a randomised controlled trial (RCT) by Kress et al. (2000:1473), among 
128 mechanically ventilated patients, those in whom sedation was interrupted daily 
spent two days less on mechanical ventilation compared with the group who had no 
daily interruption of sedation. In addition their length of stay in the intensive care unit 
was also reduced by three days in comparison with patients whose sedation was not 
interrupted. Girard et al. (2008:126) add that both intermittent use of sedatives and daily 
interruption of sedation can result in decreased duration of MV without compromising 
patient comfort or safety. 
 
Daily interruption of sedation has not gained worldwide acceptance as a treatment 
standard: the percentage of physicians implementing this strategy is 34% in 
Germany, 40% in Canada and 40% in the USA. This may be because of the paucity 
of additional evidence supporting the routine use of daily sedative interruption as well 
as anecdotal concerns regarding patient safety and agitation (Girard et al., 
2008:127). To date there is no South African based study regarding the 
implementation and use of daily interruption of sedative protocols.  
 
Efforts to reduce MV with the use of weaning protocols can improve clinical 
outcomes. Combined with sedation protocols that use daily interruption of sedation 
as a cornerstone; these weaning protocols can  further improve outcomes and 
decrease weaning times (Girard et al., 2008:127). Most studies to date, however, 
view sedation and weaning protocols as separate concerns.  
2.7.3 Combination of Weaning and Sedation Protocols 
Randomised Controlled Trials support the use of weaning protocols that include daily 
Spontaneous Breathing Trials (SBT) as their cornerstone. These protocols are viewed 
as standards of care, having reduced the duration of mechanical ventilation, length of 
stay and complications related to mechanical ventilation (Girard et al., 2008:127). These 
authors further hypothesised that the use of Spontaneous Awakening Trials (SATs) by 
daily sedative interruption can improve patient outcomes when combined with a routine 
SBT. To test this hypothesis, Girard et al. (2008:127) undertook a multicentre RCT to 
assess the efficacy and safety of a paired spontaneous awakening trial (SAT) and SBT 
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versus a standard SBT in patients receiving patient targeted sedation.  
 
This study showed that a paired sedation and weaning protocol consisting of a daily 
spontaneous awakening trial (SAT) and spontaneous breathing trial (SBT) resulted 
in decreased time spent on mechanical ventilation, less time in coma, decreased 
intensive care length of stay and a decreased mortality rate compared with usual 
care (Girard et al., 2008:132). Complications such as self-extubation were higher in 
the intervention group but fewer patients required reintubation compared with the 
control group. The rate of tracheostomies performed was also much lower in the 
intervention group compared with the control group. There was also a significant 
reduction in total dosages of benzodiazepines in the intervention group compared 
with the control group (Girard et al., 2008:132). The reduction of sedative and 
hypnotic medication use is significant as these medications are associated with 
adverse events such as over-sedation, delirium and prolongation of mechanical 
ventilation (Weinert & Calvin, 2007:393).  
 
The major strengths of the study by Girard and colleagues are randomization and 
the fact that it was a multicentre study. Thus extrapolation and generalization to 
other settings should not be a concern. A major limitation is the fact that research 
personnel and ICU staff could not be blinded to patient allocation in this kind of 
study. This may have caused bias towards the intervention group. However, the fact 
that both groups received treatment in the form of either a spontaneous breathing 
trial (SBT) alone or a paired spontaneous awakening trial coupled to the SBT may 
have mitigated this bias (Girard et al., 2008:133).  
 
In conclusion, daily interruption of sedation can expedite weaning from mechanical 
ventilation. However, more research is needed to elucidate concerns such as patient 
safety and other adverse events related to daily interruption of sedation. 
 
2.8 THE ROLE OF PROTOCOLS IN WEANING THE PATIENT FROM 
MECHANICAL VENTILATION 
Based on the previous discussion weaning protocols are a very important factor in 
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weaning from MV. In this section weaning protocols will be discussed briefly. 
2.8.1 Overview 
The word protocol is derived from the Greek words “prot-kollan”. This literally means to 
“glue together” (Mish, Morse & Gilman, 1993:939) and usually refers to a rigid code of 
procedures that follows a sequence of assessment → intervention → and re-
assessment (Scheinhorn, Chao, Stern-Hassenpflug & Wallace, 2001:240). Protocols 
can also be defined as a generally accepted procedure with explicit steps presented in 
algorithmic form (Garnett, 2002:62). It has been recommended in literature that weaning 
protocols should be utilized to expedite weaning from mechanical ventilation. Ely, 
Meade, Haponik, Kollef, Cook, Guyatt and Stoller (2001:459) stated that ICU clinicians 
utilize weaning protocols to safely reduce the duration of MV. The recommendations 
from MacIntyre et al. (2001:384) added that these protocols should be designed for 
non-physician health care professionals and implemented by ICUs. 
 
Several large and recent randomised control trials and prospective cases indicate that 
protocol directed weaning reduces the length of MV, reduces ICU stay and decreases 
the incidence of VAP without an increase in adverse events (Hansen & Severinsson, 
2007:196, Mclean et al., 2006:302, Tonnelier et al., 2005:84). 
 
In one study a model for accelerating change and improving adherence to a weaning 
protocol that was already in place significantly improved outcomes. Once adherence 
to the protocol was established, the rates of unsuccessful extubations, frequency of 
ventilator associated pneumonia (VAP) and duration of mechanical ventilation were 
significantly reduced (Mclean et al., 2006:302). 
 
The main drawback of the study by Mclean et al. was that there was no 
randomization. It is only with randomization that true cause-effect relationships can 
be established. Clinician bias may also be a concern as they were not blinded to the 
design of the study. This study did however supply valuable evidence that 
protocolized weaning needs to be associated with a programme to enhance 
adherence and thus further increase positive outcomes. 
  
Literature Review  Chapter Two 
52 
 
In the study by Tonnelier et al. (2005:84) they used a historically matched group and 
compared the results with an intervention group after the implementation of a 
weaning protocol. The control group was matched to the intervention group based on 
age, sex, Simplified Acute Physiology Score (SAPS) II and admission diagnosis. 
After matching and exclusions 208 patients were included in the study, both groups 
consisting of 104 patients each (Tonnelier et al., 2005:85).The results of this study 
demonstrated that a nurse-implemented weaning protocol reduced time spent on MV 
and overall ICU LOS without significant increases in adverse events (Tonnelier et al., 
2005:87). 
  
The benefits of using a matched historical group are that the nursing protocol can be 
implemented throughout the ICU instead of only a few monitored cases. This 
eliminates the crossover effects where staff may modify their behaviour towards the 
control group and thus affect the results of the study. Non-randomization is a major 
limitation of this study and selection bias cannot be fully excluded (Tonnelier et al., 
2005:88). 
  
In summary – weaning protocols may be valuable in standardizing the process of 
weaning. Protocol directed daily screening coupled with trials of spontaneous 
breathing reduce the time required for extubation, the incidence of self-extubation, 
rates of VAP, decreased ICU length of stay and costs (Boles et al., 2007). The 
percentage of patients who require weaning is also decreased from 80% to 10% 
when clinician judgement is replaced by protocol directed weaning led by nurses 
(Boles et al., 2007). The McMaster evidence-based report on weaning also 
concluded that weaning protocols decrease the time spent on MV (Ely et al., 
2001:457). The implementation of a nurse-driven weaning protocol can thus 
significantly expedite weaning and discontinuation of MV, regardless of the specific 
mode of weaning used.  
2.9 SUMMARY OF CHAPTER 
Weaning from MV accounts for up to 40% of total time on MV and is considered a 
priority issue in research due to complications related to prolonged MV. The 
literature is clear that 48 hours’ discontinuation of mechanical ventilation can be 
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considered as indicating weaning success although there remain controversies 
regarding the use of post-extubation non-invasive positive pressure ventilation 
(NIPPV) and if these patients on NIPPV should be considered successfully weaned. 
 
There is much debate regarding the most effective weaning modality available but 
the literature is clear on one issue: Synchronised intermittent mandatory ventilation 
(SIMV) must be avoided as a weaning modality. The method used for weaning is 
also not as important (with the exception of SIMV weaning) as using a structured, 
systematic approach to weaning such as a weaning protocol. 
 
Screening tests to identify patients who may begin a weaning trial and conducting a 
well-monitored spontaneous breathing trial can considerably reduce time spent on 
mechanical ventilation, especially if weaning protocols are used and targeted 
protocols regarding sedation are in place. Combining daily sedation interruption with 
spontaneous breathing trials can lead to further reduction in time spent on 
mechanical ventilation. The aetiology of failure to wean is diverse and must be 
corrected or modulated once identified. The majority of weaning indexes, with the 
exception of the Rapid shallow breathing index, are considered to be poor predictors 
of weaning outcomes and it is advised that once-daily spontaneous breathing trials 
should be the benchmark test to establish if a patient is ready to be extubated. Nurse 
driven protocols have also been proven to expedite weaning.  
 
The next Chapter will outline the research design and method used in this study. A 
brief description of protocol development will also be provided 
 
 
 
 
RESEARCH DESIGN AND METHOD 
3.1 INTRODUCTION 
In Chapter 2 a literature review was conducted in order to provide understanding and 
3 
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comprehension of the research area, which is weaning the critically ill patient from 
mechanical ventilation. 
 
The focus of this chapter is to describe the research design and method used for this 
study. The research design and method need to be developed before a study is 
commenced as this provides a framework within which the study is conducted 
(Fortune and Reid, 1999:93). An overview of the research design as well as the 
research method will describe in what manner the research question was answered 
and how the research objectives were approached. 
3.2 OBJECTIVES OF THE STUDY 
The objectives of this study were twofold: 
 To explore and describe the professional nurses’ knowledge regarding 
weaning the critically ill patient from mechanical ventilation. 
 To develop recommendations in the form of a protocol to enhance the 
professional nurses’ knowledge regarding weaning the critically ill patient from 
mechanical ventilation 
3.3 RESEARCH DESIGN 
De Vaus (2001:9) states that the function of the research design is to ensure that the 
evidence obtained allows the researcher to answer the research question as 
unambiguously as possible.  
 
The research design can also be described as a macro and micro outline of a study. 
The macro view of a research design refers to an overall approach to the study that 
is grounded in a set of beliefs about the research question that must be answered 
while the micro view requires the researcher to decide on the numerous ways a 
study can be conducted within a certain macro orientation (Houser, 2008:183). 
 
The macro view of this study served as a guide in choosing a specific design that 
was grounded in a belief that the professional nurses’ knowledge regarding weaning 
from mechanical ventilation needed further exploration. An example of the macro 
view of a research design is the quantitative approach. The micro view of the 
Research Design and Method  Chapter Three 
55 
 
research design refers to the numerous ways that quantitative research can be 
conducted. 
 
The research design can thus be seen as guiding the researcher in the planning and 
implementation of the study. A quantitative design of an exploratory, descriptive and 
contextual nature was used in this study.  
3.3.1 Quantitative Research 
Quantitative studies enable the researcher to report on what is known about a given 
phenomenon (Houser, 2008:395).The quantitative or positivist paradigm uses 
statistics in the form of measurable data that can be analysed and from which 
assumptions about issues can be made. By using numbers and statistics, 
quantitative studies can report on measured data in a universal language (Glicken, 
2003:20). Fortune and Reid (1999:93) list the following characteristics as central to 
the quantitative research process: 
 The researcher’s role is to observe phenomena under study with 
objectivity; 
 The questions or hypotheses are specific and remain constant throughout 
the study; 
 Research methods and design are developed before the commencement 
of the study; 
 Data collection is applied in a standardized manner. The researcher will 
use a questionnaire to collect data;  
 Data collectors are expected to obtain only the specific data called for 
without adding personal opinion or interpretations, and 
 Statistical methods are used to determine associations between variables. 
A quantitative approach was the design of choice based on the fact that objective 
data were needed to answer the research question. In order to obtain objective data 
a structured questionnaire was the data collection instrument of choice and statistical 
methods were used to analyse data. Furthermore, the role of the researcher was that 
of objective observer and no personal opinions or interpretations were added to the 
data. The research design and method were developed before the study 
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commenced. It can thus be inferred that a quantitative approach was the most 
appropriate research design for this study. 
3.3.2 Exploratory Research 
The primary goal of exploratory research is not to provide an overwhelming amount 
of information or discover cause-effect relationships (Glicken, 2003:4). According to 
De Vos et al. (2005:133), the purpose of exploratory research is to generate new 
understanding about a given situation or phenomenon. Nardi (2006:9) states that 
exploratory research is done in order to gain insight into the status quo of a particular 
field for which limited information is available.  
 
Exploratory research can thus be seen as providing basic information about a topic 
about which little is known. It can also be deduced that exploratory research paves 
the way for longer and more in-depth study of a phenomenon or problem. The role is 
not to explain, but rather to explore and obtain a basic understanding of the field of 
study (Glicken, 2003:20). In this study the objective was to explore the knowledge of 
professional nurses regarding weaning the critically ill patient from mechanical 
ventilation. 
3.3.3 Descriptive Research 
Schmidt and Brown (2009:148) state that the purpose of descriptive research 
designs is to describe a phenomenon in detail. Babbie and Mouton (2001:81) add 
that descriptive research seeks to answer the “how” and “why” questions and by 
using descriptive statistics, certain phenomena can be described in depth. Nardi 
(2006:9) pointed out that descriptive research seeks to provide the basic information 
that describes the topic and the respondents involved and is often the first step in 
conducting research. 
 
Descriptive research can also be conducted to answer the question “what is 
happening?” in the context of the research setting (McNeill & Chapman, 2005:7). In 
clinical practice, it is imperative that all role players are aware of what is happening 
in any given situation. In this study the goal is to describe what is currently 
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happening regarding weaning patients from mechanical ventilation. This will allow for 
informed decisions to be made that can positively impact on nursing care. The 
advantages of using a descriptive design are that there is a degree of flexibility in the 
methods that can be employed to collect data that may result in more rapid data 
collection with associated savings in cost (Schmidt & Brown, 2009:148). A 
descriptive design was chosen as the objective was to describe what is happening 
within the context of the research setting. 
3.3.4 Contextual Research 
Researchers must be aware that research results are only valid in the context in 
which it was conducted (Talbot, 1995:135). This implies that the research results are 
contextual to the setting within which the research took place. Holloway and Wheeler 
(2002:11) state that contextual research refers to the conditions in which a study is 
conducted. This basically implies the surroundings, circumstances or the setting 
where the study is conducted. This study was conducted within the context of a 
intensive care unit of a private institution within the Nelson Mandela Metropole. 
Nursing care practices related to weaning the critically ill patient from mechanical 
ventilation are common and universal within the study setting. The study was thus 
conducted within the natural environment of respondents and the environment were 
not manipulated or changed in any way during data collection. 
3.4 RESEARCH METHOD 
Researchers must decide what methods they are going to use in order to reach the 
research objectives. 
3.4.1 Target Population 
The target population can be described as the set of elements the researcher 
focused on and to which the results of the study were generalized (Bless & Higson-
Smith, 2000:85). The target population is also referred to as the entire group of 
persons of interest to the researcher (Brink, 2006:132).  
 
De Vos et al. (2005:193) point out an important distinction between the target 
population and the universe – the universe consists of all potential respondents who 
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possess the attributes in which the researcher is interested. On the other hand, in 
the term population certain boundaries are set on the study unit. In this study the 
universe consisted of all professional nurses working in intensive care units. The 
target population in this study has certain boundaries – it consisted only of 
professional nurses working in the specific unit where the study was conducted and 
those who met the sample inclusion criteria as will be discussed later. 
  
The target population included all available professional nurses at the time of data 
collection. Strydom in De Vos et al. (2005:194) states that research results obtained 
may be generalized to the target population in which the researcher is interested. In 
this study the results obtained from the sample were indeed generalized to the target 
population. 
  
At the time of data collection, the target population consisted of 60 respondents 
including 40 professional nurses who are permanently employed and 20 professional 
nurses working through a Nursing Agency.  
3.4.2 Sampling Method 
Houser (2008:211) states that no aspect of the research method is more important 
than the sampling strategy in order to ensure that the results of the study can be 
used as evidence and contribute to the trustworthiness of research results. 
 
It is not always possible and practical to collect data from a whole target population 
(Walliman, 2006:75). In this study it would have proven costly and time consuming to 
collect data from the portion of the target population that were on sick, annual or 
maternity leave. Walliman (2006:275) states that by using a sample of the target 
population the researcher can achieve results that are typical or representative of the 
rest of the population. Nardi (2006:109) refers to a sample as the unit of analysis – 
the element that the researcher is observing or collecting data from. De Vos et al. 
(2005:194) further notes that a sample is studied in an effort to understand the 
population from which it was drawn 
 
In this study a non-probability sampling method was chosen. In non-probability 
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sampling the odds of being included in the study are unknown as it is not based on 
randomisation (Gravetter & Forzano, 2003:118). The odds of inclusion can thus not 
be calculated as opposed to those of probability sampling. The sampling method of 
choice was convenience sampling which is based on choosing respondents that are 
easily accessible to the researcher. Convenience sampling can be defined as a form 
of non-probability sampling that includes respondents that are conveniently available 
to the researcher (Houser, 2008:223). 
  
All professional nurses working in the ICU except those that were on leave or 
refused to participate were included in the sample. Furthermore, due to the fact that 
nurses work both day and night shifts as well as on a rotating basis, convenience 
sampling was the most appropriate sampling method to choose. The sample 
inclusion criteria were as follows: 
 Respondents must be professional nurses managing the mechanically 
ventilated patients. 
 Respondents must have intensive care experience or hold an additional 
qualification in intensive care nursing 
3.4.3 Data Collection Instrument 
A well-designed and manageable questionnaire is the key to achieving reliable and 
valid research results. The research design provides a framework for the researcher 
in choosing a data collection instrument (Nardi, 2006:67). A self-administered 
questionnaire (Annexure A) was the data collection method of choice as the intention 
was to explore and describe the professional nurses’ knowledge regarding weaning 
the critically ill patient from mechanical ventilation. 
 
There are a few advantages that questionnaires have over interviews. Stark and 
Roberts (2002:137) state that questionnaires are much cheaper to administer, 
questionnaires can be much longer than an interview as reading is more rapid than 
speaking and more complex questions can be asked as respondents take much less 
time reading a question twice which they do not understand. Houser (2008:287) 
adds that questionnaires can be anonymous and allow for generalization. 
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Some disadvantages of questionnaires are a low response rate; biased wording, and 
the fact that they are impersonal and completion can be time consuming (Stark & 
Roberts, 2002:136). These disadvantages were circumvented by avoiding peak 
times – that is handover times and doctors’ rounds.  
 
There are two types of questions that can be used in a questionnaire. These include 
closed and open ended questions. Open ended questions usually require 
respondents to answer the question in their own words. These questions are mostly 
used in qualitative studies. Closed-ended questions require the respondent to 
choose from a fixed number of responses provided by the researcher (Houser, 
2008:279). Closed questions offer a few significant advantages over open-ended 
questions. Nardi (2006:74) states that even though closed questions allow for fewer 
variations in respondents’ responses they give them standardized answers to 
choose from. These types of questions are also quicker and easier to complete and 
coding the responses is simpler and more efficient for the researcher than with open-
ended questions. 
  
There are some disadvantages linked to choosing closed questions. Stark and 
Roberts (2002:138) state that closed-ended questions may suppress variation in that 
opinions or behaviour may be far more diverse, than the preset categories may 
register. Furthermore, respondents may be misclassified because questions are 
worded poorly or answer categories are ambiguous. The researcher aimed to 
minimise the effect of these disadvantages by using a variety of forced choice, filter, 
dichotomous and scale type questions. Wording, question types and answer 
categories were also discussed with the statistician. 
 
For the purpose of this study closed-ended questions were chosen as the method of 
enquiry. The following types of closed-ended questions were chosen for the 
questionnaire: dichotomous, forced choice, scales and filter type questions. Clinical 
scenarios which required application of knowledge were also included. The following 
is a brief description of the types of closed questions used: 
 Forced choice questions: respondents must select a single response from a 
list of possible answers. 
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 Dichotomous questions: respondents must select from only two choices. 
 Scales: require respondents to choose their responses on a continuum, for 
example Lickert scale questions where respondents’ agreement or 
disagreement with a statement is given a numerical value. 
 Filter questions: respondents must choose a response between yes and no, if 
they answer positively (yes), the follow up question must be answered. 
 Clinical scenarios: the researcher used clinical scenarios in order to gauge 
how respondents would act in a given situation and if the chosen action was 
in line with current literature (Houser, 2008:279). 
 
A thorough literature review was conducted to guide the questionnaire construction 
process and ensure the inclusion of the questions that are relevant to the topic. The 
questionnaire was divided into different sections, which aimed to explore the 
professional nurses’ knowledge regarding weaning the critically ill patient from 
mechanical ventilation. Completed questionnaires will be kept for two years by the 
researcher as required by the university. The sections of the questionnaire are 
outlined below: 
 Section A: Demographic data 
 Section B: Overview of weaning from mechanical ventilation  
 Section C: Modes and methods of weaning from mechanical ventilation 
 Section D: Criteria to assess weaning readiness 
 Section E: The spontaneous breathing trial 
 :Section F: Weaning indexes 
 Section G: Causes of weaning failure 
 Section H: Weaning protocols and sedation 
3.4.4 Data Collection Method 
Data collection is the process of acquiring respondents and collecting the data 
needed for the study. The researcher’s main aims are to acquire respondents, collect 
data in a consistent way, maintain research protocols, protect the validity of the study 
and solve any problems that may disrupt the study (Burns & Grove, 2001:294).  
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After permission to conduct the study had been granted by hospital management 
(Annexure F) and respondents agreed to participate in the study by signing the 
consent form (Annexure C), the process of data collection commenced. The hospital 
was visited on pre-arranged days over a two-week period. This was done to ensure 
that both rotating shifts were covered. Rotating shifts refers to the shift basis on 
which professional nurses work in the study setting: usually two days on duty and 
two days off duty and also including night duty. A sealed box was placed in the unit 
manager’s office where all completed questionnaires were deposited. The 
researcher also aimed to be present during most of the data collection period 
although that was not always possible due to nursing shifts as previously discussed. 
Where this was not possible, the unit manager (who was also included in the study 
as a respondent) facilitated the process of handing out the questionnaires and 
ensuring they were placed in the sealed box in her office after completion. At no time 
did she have access to the questionnaires before she actually completed hers as 
respondents’ questionnaires were placed in sealed envelopes. In this manner it was 
ensured that responses obtained from the unit manager were free of bias and a true 
reflection of actual knowledge on weaning the critically ill patient from mechanical 
ventilation. 
 
As discussed earlier, peak periods of doctors’ rounds, patient washing or medication 
hand-out times were avoided. Respondents were informed of the fact that no names 
were to be placed on the questionnaires to safeguard their confidentiality. 
 
The hospital was also visited in the evening to ensure that staff members who 
worked night duty were included. Completed questionnaires from the sealed box in 
the unit manager’s office were only handled by the researcher and kept in a safe 
place. The only other person who had access to the completed questionnaires was 
the statistician who aided in data analysis. 
3.4.5 Pilot study 
One of the best ways to find out if a questionnaire is fluent, if instructions are 
adequate, if the wording is clear and easy to understand and how long it takes to 
complete is to conduct a pilot test or pilot study (Nardi, 2006:96). The New English 
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Dictionary of Social Work (1995) quoted in De Vos et al. (2005:206) states that a 
pilot study is the “process whereby the research design for a prospective study is 
tested”. Bless and Higson-Smith (2000:155) define a pilot study as a small scale 
study conducted prior to the main study to determine whether the research methods, 
sampling, data collection instrument and analysis of data are adequate and 
appropriate. The pilot study can thus be seen as a dress rehearsal for the main 
event. 
  
De Vos et al. (2005:206-209) list three aspects of a pilot study that is pertinent to this 
study: studying the literature, consulting the experts, testing the feasibility of the 
study and testing the measuring instrument. The researcher used these aspects to 
guide the pilot study as follows: 
 Studying the literature – this did not imply a detailed literature search (De Vos 
et al., 2005:207). The main purpose was merely to gain a broad overview of 
the study field as it related to the prospective study. An initial literature search 
was done in order to gain more insight into the study field. 
 Consulting the experts – De Vos et al. (2005:207) noted that a wealth of 
knowledge can be gained from consulting others who have undertaken 
previous research. The researcher consulted with colleagues who had 
previously undertaken research in the ICU. Clinical facilitator, the unit 
manager and research supervisors were consulted also consulted. These 
colleagues aided in providing information regarding logistics of data collection 
and the time it took to complete certain parts of the study. 
 Testing the questionnaire – the researcher used two respondents to complete 
the questionnaire. Two respondents chosen for the pilot study were selected 
and the time it took to complete the questionnaire was noted. This was done 
in order to provide a guideline for the time period needed to complete the final 
version. This part of the pilot study was done in exactly the same conditions in 
which the researcher intended to conduct the main study.  
 
After completion of the questionnaires for the pilot study, it was found that 
respondents could give the right answers to certain questions even though follow up 
questions indicated they did not really know the answer. With the aid of the 
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statistician the questionnaire was modified to include a variety of forced choice, filter, 
scale and dichotomous questions as previously discussed to circumvent this 
problem. No other problems related to completion time, language barriers or 
comprehension were found. 
 
The results of the pilot study were not included in the main study and the 
questionnaires will be kept in a safe place for two years after which they will be 
destroyed. The two respondents were also excluded from the main study as they 
had already seen the questionnaire. They were personally informed that they might 
not be part of the main study and the reasons for exclusion were provided. If 
subsequently subjected to the same questionnaire their results could have been 
falsely elevated and thus invalid. 
3.4.6 Data Analysis 
The results of any kind of research are of no value or use to anyone if presented as 
raw data (Walliman, 2006:109). The researcher has the responsibility of using the 
raw data collected to make a case for arriving at certain conclusions (Walliman, 
2006:109). The analysis of data entails the breakdown of raw data into constituted 
parts to obtain answers to research questions and the method of analysis must be 
matched with the characteristics of the data (De Vaus, 2001:89). In this study the 
researcher used descriptive and inferential statistics to analyse and describe the 
data. 
 
Glicken (2003:192) asserts that statistics have three core functions – that is to 
describe, to generalize and to show relationships between variables. As noted in De 
Vaus (2001:89-90), descriptive statistics summarise patterns in a sample while 
inferential statistics’ aim is to establish if research results can be generalized to the 
target population from which the sample was drawn. In this study the researcher 
used descriptive statistics to describe professional nurses knowledge regarding 
weaning the critically ill patient from mechanical ventilation. Inferential statistics were 
used to estimate professional nurses’ knowledge and if the results could be 
extrapolated to the target population. 
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The following steps were performed as part of the data analysis process (Myatt & 
Johnson 2009:6): 
 Questionnaire checking involved eliminating unacceptable questionnaires. 
This includes questionnaires that are incomplete, have missing pages or 
where instructions have been grossly disregarded such as marking more than 
one answer where the instructions stipulate choosing only one option. As 
agreed with the statistician, a questionnaire must not have more than three 
missing or incorrectly marked answers in order to be included in data 
analyses. No questionnaires were eliminated in this study. Questionnaire 
checking was the responsibility of the researcher. 
 Coding involves the assignment of numeric codes to the raw data in order to 
prepare them for statistical techniques. Coding was performed by the 
researcher. 
 Transcribing the transfer of encoded data onto a system or program in order 
to perform statistical analyses. The statistician transferred the encoded data 
onto a spreadsheet in order to perform statistical analysis. 
 Statistical adjustments refer to the process applied to data that required 
weighting and scale adjustments. In this questionnaire most questions 
required scale and weighting adjustments as marks were provided for certain 
responses. In most cases more than one response was provided. 
 Analysis strategy selection was the responsibility of the statistician who had 
decided that descriptive and inferential statistics were an appropriate data 
analysis strategy (Myatt & Johnson 2009:6). 
 Tabulation and coding of raw data were the responsibility of the researcher. 
The data were first edited to detect any errors and then encoded (Struwig & 
Stead 2001:150). The following is a brief discussion of the statistical methods 
employed by the statistician in data analysis (based on personal discussion 
with the statistician): 
 Descriptive statistics: summarise the population data by describing what is 
observed in the study numerically or graphically. These numerical descriptors 
include the mean (sum of the values divided by the data set) and the standard 
deviation (how much variance there is from the mean). In this study 
descriptive statistics were used to summarise the data obtained in the study 
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both numerically and graphically 
 Inferential statistics: used to account for randomness and uncertainty in the 
observations, and used to draw inferences about the study population. 
Inferential statistics thus use patterns of the sample data to draw inferences 
about the population studied. Inferential statistics were used to draw 
inferences about the knowledge of professional nurses regarding weaning the 
critically ill patient from mechanical ventilation. 
 Factor analysis: a simplified version of factor analysis was used in order to 
score respondents. If a respondent chose the correct answer, one mark were 
given. Any other answer was wrong and no marks were given. This allowed 
the statistician to score the respondents out of a derived value of 100. At the 
end of each section respondents’ scores were placed in frequency distribution 
tables based on their results. In this manner respondents were categorised 
according to their knowledge score as follows: A score of 50-59% indicated 
adequate knowledge, scores between 60 and 69% indicated above average 
knowledge and scores above 70% were an indication of excellent knowledge. 
Any score below 50% was an indication of inadequate knowledge and 
evidence of a knowledge deficit. 
 
The researcher presented the results of the study in table and graph form, making 
use primarily of bar graphs, indicating the frequency of responses as well as the 
frequency distribution of knowledge scores obtained by respondents. 
3.4.7 Quality Control of Data 
Research results are dependent on how valid and reliable they are. If the research 
method is considered valid and reliable, results will be viewed as being of high 
quality and standards. In this section the researcher will address how a pilot study 
and measures to improve validity and reliability were used to ensure adequate 
quality control of data.  
3.4.8 Validity 
Validity refers to the problem of whether the collected data are a true reflection of 
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what is actually being studied (Mcneill & Chapman, 2005:9). The term validity is used 
when we want to know if an instrument used actually measures what it was intended 
to measure. Validity can be divided into two sub-groups, namely internal and 
external validity. External validity refers to the generalisability of the results to other 
settings, while internal validity refers to the scientific rigour applied in the study and if 
different causes or explanations for research results have been taken into account. 
Internal validity thus enables the researcher to draw unambiguous conclusions from 
the results (Glicken, 2003:98). 
 
A few components of internal validity will be discussed briefly as they relate to the 
study: 
 Content validity – this type of validity refers to whether the questions posed by 
the data collection instrument provide an accurate range of questions to cover 
the issues the researcher is trying to measure and if every question on the 
instrument directly relates to the major issue of concern (Glicken, 2003:98). 
Content validity is thus concerned with how well the instrument actually 
measures what it is supposed to measure. The researcher aimed to 
strengthen the questionnaires’ content validity by having a statistician assess 
the questionnaire to check if it adequately covered the research question. The 
questionnaire was also discussed with experts in the field, for example 
physicians and other research experts such as professional nurses and 
clinical facilitators. A thorough literature search was performed (Chapter two) 
in order to ensure that the data in the questionnaire were congruent with the 
current literature on the field of weaning the critically ill patient from 
mechanical ventilation.  
 Face validity – this, as the name implies, asks whether a questionnaire 
appears to be measuring what it is proposed to be measuring and has more to 
do with respondents’ reaction to the data collection instrument than with 
expert evaluation of the instrument (Glicken, 2003:99). Face validity of the 
questionnaire was ensured by doing a pilot study and getting feedback from 
the respondents on how they perceived the questions. The researcher also 
aimed at using an easy to read format of the questionnaire, using 
unambiguous terms in easy to understand language and ensuring that the 
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range of possible answers covered the question posed. 
  
The other measurements of validity include construct and criterion validity. As the 
researcher did not use these two validation tools they will not be discussed  
3.4.9 Reliability 
De Vos et al. (2005:162) define reliability of a data collection instrument as the 
stability and consistency of a measurement, i.e. if the same variable is measured 
under the same conditions, the measurement instrument should yield the same or 
almost identical results. Houser (2008:252) also states that a measurement 
instrument can be considered reliable if it measures a given trait with precision. 
Glicken (2003:101) concurs that reliability refers to whether a measuring instrument 
is dependable or stable. 
  
To ensure reliability the researcher compared the results of the pilot study with those 
of the questionnaire used in the main study. The results were highly similar, leading 
the researcher to assume that the questionnaire was reliable. 
 
3.4.10 Protocol Development 
One of the objectives of this study was to develop recommendations in the form of a 
protocol to enhance professional nurses’ knowledge regarding weaning the critically 
ill patient from MV. In this section protocol development will be outlined. The protocol 
will be discussed in Chapter 5. Two international protocols on weaning from 
mechanical ventilation were found during the literature search (Goodman, 2006:23; 
Alia et al. 2000:78). However, these protocols were developed in the United States 
of America and the United Kingdom in accordance with their specific need and 
requirements. Therefore these protocols are not contextual to the ICU where this 
study was conducted and were not considered for use in the proposed protocol. 
 
The National Institute for Clinical Excellence outlines a step-by-step approach to 
protocol development. This guide consists of 12 steps of which 10 are essential 
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(Goodman, 2006:23). These 10 steps to be used for protocol development are as 
follows: 
 Step one: Select and prioritise a topic: weaning from MV is considered as time 
consuming and a difficult practice to manage. By selecting weaning from MV 
as a topic the goal is to standardise care, increase quality of patient care and 
improve patient outcomes (Goodman, 2006:24). 
 Step 2: Set up a team: An interest group concerned with weaning from MV 
needs to be involved with protocol development, implementation and 
monitoring. This group consists of the multi-disciplinary team comprising 
professional nurses, doctors, physiotherapists and hospital management. One 
person needs to be the clinical leader and he/she must ensure that 
momentum for the project is maintained (Goodman, 2006:24). For the 
purpose of this study, no team approach was used, as the researcher with the 
assistance of the supervisors of the study developed the protocol.  
 Step three: Agree on protocol objectives. The multi-disciplinary team needs to 
agree on the objectives of the protocol. These objectives may include aspects 
such as improved patient outcomes; decreased costs and length of ICU stay, 
as well improving team work (Goodman, 2006:24). For the purpose of this 
research study, the researcher and supervisors were involved in this phase of 
the study.   
 Step four: Build awareness and commitment: All members of the multi-
disciplinary team need to be committed to the project in order for it to be 
successful (Goodman, 2006:25). 
 Step five: Gather information: Information was gathered by This step will be 
addressed in Chapter 5. This information will be made available to the ICU for 
review (Goodman, 2006:26).  
 Step six: Baseline assessment: in this phase the multi-disciplinary team must 
assess the current situation regarding weaning from MV. A three-month audit 
is advisable (Goodman, 2006:26). 
 Step seven: Produce the protocol: The protocol as outlined in Chapter 5 may 
be used and adjusted according to the specific needs of the ICU (Goodman, 
2006:28). 
Research Design and Method  Chapter Three 
70 
 
 Step eight: Pilot the protocol. This step involves rigorous in-service training 
regarding the weaning protocol and how to follow it. This step will also 
address the knowledge deficits identified in this study (Goodman, 2006:31). 
 Step nine: Implement the protocol: this step involves the implementation of 
the piloted weaning protocol. All staff members need to be informed about the 
format of the program and training must be continued  (Goodman, 2006:31) 
 Step ten: Review the protocol: after a period of time the protocol should be 
reviewed. This will allow the multi-disciplinary team to assess if the initial 
objectives of the protocol have been met. At this point any changes to the 
protocol that may improve its effectiveness can be made (Goodman, 
2006:31). 
 
These steps are relatively easy to implement but may be adjusted according to the 
specific needs of the ICU. 
3.4.11 Ethical Considerations 
The value of research is not only based on the novelty of its discoveries but also on 
its ethical veracity (Walliman, 2006:147). The researcher’s honesty and the integrity 
of the research methods employed play a major role in how research results are 
perceived and believed (Walliman, 2006:147). Ethical principles or standards deal 
with what is right and serve as a guideline within which the ethical researcher 
operates (Babbie, 2001:470). Regardless of the type of research, four broad 
categories of ethical principles must be adhered to by the researcher.  
3.4.12 Voluntary Participation 
People or respondents should not be led to believe that they are required to 
participate in a research study and they must be informed that such participation is 
voluntary and they may withdraw from the study at any time should they wish to do 
so (De Vaus, 2001:83). In this study the researcher ensured that respondents were 
aware that their participation was voluntary by having them sign a participation 
consent form explicitly telling them that their participation was voluntary and they 
could withdraw from the study at any time (ANNEXURES B and C).  
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3.4.13 Consent 
De Vaus (2001:83) defines informed consent as the process by which respondents 
are informed of all matters and information relating to the study. The researcher 
ensured consent was informed by explaining the nature of the study; making known 
any foreseeable risks to respondents and having them sign a consent form giving full 
details of the study (Annexure C). Consent was also obtained from the hospital 
manager and the unit manager of the ICU where the study took place (Annexure D 
and E), as well as the Departmental Committee on Research (DRC) and the Faculty 
of Research, Technology and Innovation (FRTI) at the Nelson Mandela Metropole 
University. 
3.4.14 Confidentiality and Anonymity 
Respondents participating in research projects are entitled to expect that they cannot 
be identified as the source of any particular information. Confidentiality can be 
maintained by restricting access to raw data to the main investigator and the people 
who need to analyse the information (De Vaus, 2001:87). Information given 
anonymously also ensures that the privacy of respondents is maintained. In this 
study participants signed a consent form (ANNEXURE C) which assured them that 
results are confidential and that the questionnaires did not include names but were 
rather numbered so that anonymity was maintained. The completed questionnaires 
were also placed in a sealed box in the unit manager’s office and were collected by 
the researcher. Only the researcher, supervisors and statistician had access to the 
raw data, and completed questionnaires would be kept for two years in a safe place 
once data analyses had been completed. After two years the data will be destroyed. 
It is an ethical requirement of the research ethics committee that questionnaires be 
kept for two years for audit purposes. 
3.5 SUMMARY OF CHAPTER 
This study was based on a quantitative, exploratory, descriptive and contextual 
design in order to find out what the professional nurses’ knowledge is regarding 
weaning the critically ill patient from mechanical ventilation. The research method 
employed by the researcher has been explained in detail in order to justify the 
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chosen research design. In the next chapter the results of the data collected will be 
discussed and analysed. 
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DATA COLLECTION AND DISCUSSION 
4.1 INTRODUCTION 
In the previous chapter an outline of the research design and method used was 
given. The focus of this chapter will be the discussion of collected and analysed 
data. Each section of the questionnaire will be discussed separately. An outline of 
the distribution of responses together with a discussion of results will be provided. 
4.2 DATA COLLECTION AND ANALYSIS 
The data collection method, instrument and process of analysis have been 
discussed in Chapter 3. The statistician stated that any questionnaire with more than 
five missing responses or answers will be excluded for data analyses purposes. A 
total number of 40 questionnaires were distributed and returned and all 
questionnaires were sufficiently completed to be included for analysis. The sampling 
process is outlined in Figure 4.1.  
 
According to Figure 4.1, a total of 60 respondents were assessed for inclusion in the 
study. A total number of 20 respondents were excluded for reasons such as annual 
leave, sick leave, resignations and study leave. Some of the agency staff were also 
not required to work during the data collection period. A total of 40 respondents were 
included in the study and all 40 questionnaires distributed were returned and 
included for data analysis as no single questionnaire had more than 5 missing 
answers. A 100% response rate was thus obtained. 
4 
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Figure 4.1: The sampling process 
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The statistician used descriptive and inferential statistics to analyse the data. For the 
purpose of quantifying knowledge scores the process of factor analysis was used to 
score respondents based on their responses in the sections directly testing 
knowledge on weaning from mechanical ventilation. In this manner respondents 
were categorised according to their knowledge score as follows: A score of 50-59% 
indicated adequate knowledge, scores between 60 and 69% indicated above 
average knowledge and scores above 70% were an indication of excellent 
knowledge. Any score below 50% was an indication of inadequate knowledge and 
evidence of a knowledge deficit. All the results were given to the researcher in 
spreadsheet format together with frequency tables for the purpose of composing this 
chapter and discussing the analysed results. This process was discussed in more 
detail in Chapter 3. 
4.3 SECTION A – DEMOGRAPHIC DATA 
This section was related to the demographic profile of the respondents who 
participated in the research study.  
4.3.1 Years working in the critical care unit 
The question aimed at exploring the respondents’ years of working experience in the 
critical care unit. Of the 40 respondents, 13 (32.5%) had worked in the unit for less 
than five years, nine (22.5%) respondents had 5-9 years’ working experience, 13 
(32.5%) respondents had worked in the critical care  unit for 10-19 years, while the 
remaining five (12.5%) of respondents had worked for more than 20 years in the 
critical care  unit. See Figure 4.2 for a schematic presentation of the data. 
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Figure 4.2: Years working in the critical care unit 
 
In a national audit done on all the critical care units in South Africa, Scribante and 
Bhagwanjee (2007:1315) found that the majority (42.8%) of professional nurses 
working in the critical care units had 0-5 years’ working experience, which is 
consistent with the trend in this study setting. The research study findings were 
furthermore congruent with the national audit as it was found by Scribante and 
Bhagwanjee (2007:1315) that only 5.7% of professional nurses had worked for more 
than 20 years in the critical care unit, compared with 12.5% as found in this research 
study. 
4.3.2 Additional qualification in the critical care unit 
The next question was to explore how many professional nurses working in the 
critical care unit in the research study held an additional qualification in critical care 
nursing. Of the 40 respondents, only 19 (47.5%) hold an additional qualification in 
intensive care nursing, while 21 (52.5%) respondents have no additional 
qualifications. The results are illustrated in Figure 4.3. 
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Figure 4.3: Additional qualification in critical care nursing 
 
These results are in contrast with the national trends as Scribante and Bhagwanjee 
(2007:1315) found in the national audit that 25.6% of critical care nurses in South 
Africa held additional qualifications in critical care nursing. However, the national 
audit included both professional nurses from adult and neonatal intensive care units, 
while this study only included professional nurses in an adult ICU. 
4.3.3 Current position held in the critical care unit 
The last section of the demographic profile was related to the respondent’s current 
position in the study setting at the time of data collection. From the total sample pool, 
22 (55%) of the respondents stated their current position in the critical care unit as 
professional nurse. Fourteen (35%) respondents were shift leaders, while one (2.5%) 
respondent stated his/her position as clinical facilitator. Two (5%) respondents were 
unit managers and one (2.5%) respondent did not answer the question. The results 
are illustrated in Figure 4.4. 
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Figure 4.4: Position in ICU 
Scribante and Bhagwanjee (2007:13150) also found that the majority (74.8%) of ICU 
unit managers held additional qualifications in critical care nursing. 
4.3.4 Summary of section 
The data as derived and analysed from the structured questionnaires revealed that a 
large proportion (45%) of respondents had more than 10 years of working 
experience in the critical care unit. Almost half (47.5%) of the respondents held an 
additional qualification in critical care nursing, which included 14 (35%) shift leaders, 
one (2.5%) clinical facilitator and two (5%) unit managers. It can thus be concluded 
that the demographic profile of the respondents in the research study was adequate 
to draw conclusions on the professional nurses’ knowledge regarding weaning the 
critically ill patient from mechanical ventilation.  
4.4 SECTION B: OVERVIEW OF WEANING FROM MECHANICAL 
VENTILATION 
This section was related to mechanical ventilation in general. Respondents were 
given eight statements and had to choose from a Likert Scale ranging from 1 (to 
what extent they disagreed) to 5 (to what extent they agreed) with the statement 
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provided. Each statement will be discussed separately. A summary of results will be 
discussed at the end of each section. 
4.4.1 Withdrawal of ventilator support 
Respondents were given a statement that weaning from mechanical ventilation is 
best achieved by using a slow and gradual withdrawal of ventilatory support. The 
correct response to this statement was either strongly disagreed or disagreed. Of the 
40 respondents only two (5%) indicated the correct response as illustrated in Figure 
4.5. 
 1 (2.5%) respondent strongly disagreed with the statement; (correct) 
 1 (2.5%) respondent disagreed with the statement; (partially correct) 
 1(2.5%) respondent chose the neutral option; (incorrect) 
 20 (50%) respondents agreed with the statement; (incorrect) and 
 17 (42.5%) respondents strongly agreed with the statement. (incorrect). 
 
The results are illustrated in Figure 4.5. 
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Figure 4.5: Withdrawal of ventilator support 
 
The traditional concept of weaning from mechanical ventilation was based on the 
notion that a gradual reduction in ventilatory support hastened weaning due to the 
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progressive exercising of respiratory muscles (MacIntyre, 2007:1052). However, Ely 
et al. (1996:1868) proved in a randomised control trial that a gradual decrease in 
ventilatory support is unnecessary and only serves to prolong mechanical ventilation. 
MacIntyre (2007:1052) concur that no good evidence exists to support a gradual 
reduction in ventilatory support Hermant et al. (2006:435) further state that 75% of 
mechanically ventilated patients do not require a gradual reduction in ventilatory 
support. 
 
It is evident that 38(95%) respondents chose the wrong options and therefore do not 
have adequate knowledge on the best way to achieve weaning based on the 
available literature. 
4.4.2 Classification of weaning failure 
The question stated that patients who need to be re-intubated 72 hours post 
extubation are classified as a weaning failure. The correct response to this statement 
was either strongly disagreed or disagreed, but only nine (22.5%) answered 
correctly, as indicated below: 
 1 (2.5%) respondent strongly disagreed with the statement; (correct) 
 8 (20%) respondents disagreed with the statement; ( partially correct) 
 7 (17.5%) respondents chose the neutral option; (incorrect) 
 23 (57.5%) respondents agreed with the statement; and (incorrect) 
 1 (2.5%) respondent strongly agreed with the statement. (incorrect). 
 
The results are schematically presented in Figure 4.6: 
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Figure 4.6: Classification of weaning failure 
 
Boles et al. (2007:1035) state that weaning failure can be defined as either the 
failure of a spontaneous breathing trial or the need for re-intubation within 48 hours 
following extubation. Keenan et al. (2002:3239) concur that weaning from 
mechanical ventilation cannot be considered unsuccessful if the period of unassisted 
breathing post extubation lasted at least 48 hours. A patient who thus needs re-
intubation three days (72 hours) after discontinuation of mechanical ventilation can 
therefore not be classified as a weaning failure.  A total number of 31 (77.5) 
respondents agreed or even strongly agreed with the statement, which is in contrast 
with the literature and constitutes a lack of knowledge regarding when patients can 
be classified as weaning failure following extubation. 
4.4.3 Role of non-invasive positive pressure ventilation 
The question stated that all patients who passed a weaning trial but developed 
respiratory distress post extubation should receive non-invasive positive pressure 
ventilation (NIPPV). The most correct option was strongly disagreed or disagreed. Of 
the 40 respondents, only 7 (17.5%) indicated the correct response as illustrated as 
follows: 
 1 (2.5%) respondent strongly disagreed with the statement; (correct) 
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 6 (15%) respondents disagreed with the statement; (partially correct) 
 6 (15%) respondents chose the neutral option; (incorrect) 
 20 (50%) respondents agreed with the statement; (incorrect) and 
 17 (17.5%) respondents strongly agreed with the statement. (incorrect) 
 
Figure 4.7 provides a summary of responses  
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Figure 4.7: Role of NIPPV in weaning 
 
In a multi-centred, randomised controlled trial (RCT), Esteban et al. (2004:2457) 
found that non-invasive positive pressure ventilation (NIPPV) did not reduce the 
need for re-intubation among patients who developed respiratory failure following 
intubation. The study was stopped before completion because mortality rates were 
significantly higher in patients receiving NIPPV for respiratory failure following 
extubation. The current view is that NIPPV should be reserved for patients with 
chronic obstructive pulmonary disease (COPD) as a measure to avoid invasive 
mechanical ventilation (Esteban et al. 2004:2459). 
 
NIPPV should thus be avoided in patients developing respiratory failure and if used 
patients must be very carefully selected based on co-morbid conditions such as 
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COPD. The most correct option for this question was thus to disagree with the 
statement as not all patients should be considered for NIPPV following a failed 
extubation. 
 
From the data analysis, it can be concluded that a lack of knowledge regarding the 
role of NIPPV in weaning a patient from mechanical ventilation exists amongst 
professional nurses in the critical care unit as 82.5% of respondents indicated the 
incorrect responses. 
4.4.4 Endpoints in the final stage of weaning 
Respondents were given a statement that one of the endpoints in the final stage of 
weaning is irreversible ventilatory dependence. The correct option for this statement 
was strongly agreed or agreed, but only eight (20%) of the respondents answered 
correctly. 
 5 (12.5%) respondents strongly disagreed with the statement; (incorrect) 
 16 (40%) respondents disagreed with the statement; (incorrect) 
 11 (27.5%) respondents chose the neutral option; (incorrect) 
 5 (12.5%) respondents agreed with the statement; (partially correct) and 
 3 (7.5%) respondents strongly agreed with the statement. (correct). 
 
Figure 4.8 provides a summary of responses. 
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Figure 4.8: Endpoints in weaning 
 
Burns et al. (2000:2260) stated that the final phase of weaning includes outcomes 
such as incomplete weaning, where a patient still requires permanent partial 
ventilatory support, irreversible ventilatory dependence or death. Irreversible 
ventilatory support includes patients with high cervical spinal cord injuries (Burns et 
al. 2000:2260). 
 
On the basis of the data analysed it can be concluded that the respondents in the 
research study had a knowledge deficit regarding the endpoints in the final stages of 
weaning, which should be addressed. 
4.4.5 Classification of patients 
4.4.5.1 Group One: Simple weaning group 
Respondents were given a statement that Group One patients are classified as the 
simple weaning group and represent 69-75% of all mechanically ventilated patients. 
The most correct response to this statement was either strongly agreed or agreed, 
and 21 (52.5%) of the respondents indicated the correct response. The responses 
were as follows: 
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 0 (0%) respondents strongly disagreed with the statement; (incorrect) 
 4 (10%) respondents disagreed with the statement; (incorrect) 
 15 (37.5%) respondents chose the neutral option; (incorrect) 
 20 (50%) respondents agreed with the statement; (partially correct) and 
 1 (3.5%) respondent strongly agreed with the statement (correct). 
 
Figure 4.9 provides a summary of the responses (n=40). 
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Figure 4.9: Group One: Simple weaning group 
 
Patients can be classified into three groups based on their difficulty and duration of 
the weaning process. Patients classified as Group 1 are referred to as the simple 
weaning group and represent 67-75% of all mechanically ventilated patients (Boles 
et al. 2007:1036).  
 
From the results of Figure 4.9 it can be concluded that respondents possess 
adequate knowledge regarding group one patients as 52.5% of respondents were 
correct. 
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4.4.5.2 Group Two: Difficult to wean 
Respondents were given a statement that Group Two patients are classified as 
difficult to wean and require more than seven days and more than three 
spontaneous breathing trials to achieve successful weaning from mechanical 
ventilation. The most correct option to choose was strongly disagreed or disagreed. 
The results as illustrated in Figure 4.10 are as follows: 
 0 (0%) respondents strongly disagreed with the statement; 
 3 (7.5%) respondents disagreed with the statement; 
 17 (42.5%) respondents chose the neutral option; 
 19 (47.5%) respondents agreed with the statement; and 
 1 (2.5%) respondent strongly agreed with the statement. 
 
Strongly 
Disagreed
Disagreed Neutral Agreed
Strongly 
Agreed
Respondents 0 3 17 19 1
Percentage 0 7.5 42.5 47.5 2.5
0
3
17
19
10
7.5
42.5
47.5
2.5
0
5
10
15
20
25
30
35
40
45
50
 
Figure 4.10: Group 2: difficult to wean 
 
Boles et al. (2007:1036) state that Group Two patients are classified as the difficult 
to wean group and require up to three spontaneous breathing trials or up to seven 
days of weaning after the first spontaneous breathing trial to achieve successful 
weaning from mechanical ventilation. This group thus require up to a maximum of 
seven days after the first spontaneous breathing trial (SBT) and no more than three 
spontaneous breathing trials to achieve successful weaning. 
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Group 2 can therefore be classified as difficult to wean, but do not require more than 
seven days after the first failed spontaneous breathing trial (or more than three 
spontaneous breathing trials) to achieve weaning success as the statement 
suggested. From the data analysed it is evident that a knowledge deficit exists 
regarding classification of patients into groups with regard to weaning as 92.5% of 
respondents chose the incorrect responses. 
4.4.5.3 Group Three: Prolonged weaning group 
Respondents received a statement that Group 3 patients are classified as the 
prolonged weaning group and that up to 15% of all mechanically ventilated patients 
would be in this group. These patients have also failed at least three prior weaning 
attempts. The most correct answer was strongly agreed or agreed, but only 18 (46%) 
responded correctly. As illustrated in Figure 4.11, the following responses were 
evident: 
 0 (0%) respondents strongly disagreed with the statement; 
 9 (23%) respondents disagreed with the statement; 
 12 (31%) respondents chose the neutral option; 
 15 (38.5%) respondents agreed with the statement; and 
 3 (7.5%) respondents strongly agreed with the statement. 
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Figure 4.11: Group Three: Prolonged weaning group 
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According to Boles et al. (2007:1036) and Vallverdú et al. (1998:1855), Group 3 
patients represent up to 15% of mechanically ventilated patients and are classified 
as the prolonged weaning group, failing at least three prior weaning attempts. 
Furthermore, more than 7 days of weaning is required after the first spontaneous 
breathing trial. A knowledge deficit has been identified as 30 (77%) of the 
respondents indicated the incorrect responses. 
4.4.6 Non-Invasive ventilation after weaning 
Respondents were given a statement that patients who received non-invasive 
positive pressure ventilation (NIPPV) after weaning and extubation could be 
considered successfully weaned. The most correct option was strongly disagreed or 
disagreed, but only 18 (35%) of respondents answered correctly. The results as 
illustrated in Figure 4.12 are as follows: 
 2 (5%) respondents strongly disagreed with the statement; 
 12 (30%) respondents disagreed with the statement; 
 7 (17.5%) respondents chose the neutral option; 
 16 (40%) respondents agreed with the statement; and 
 3 (7.5%) respondents strongly agreed with the statement. 
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Figure 4.12: NIPPV following extubation 
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Boles et al. (2007:1035) state that weaning failure can be defined as either the failure of 
a Spontaneous Breathing Trial (SBT) or the need for reintubation within 48 hours post 
extubation. Girard et al. (2008:128) state that weaning can be considered successful if 
the period of unassisted breathing lasts at least 48 consecutive hours. Pertinent to the 
statement, Keenan et al (2002:3239) state that patients who require non-invasive 
positive pressure ventilation (NIPPV) following weaning and extubation cannot be 
considered as successfully weaned from mechanical ventilation and can be 
classified as weaning in progress. A knowledge deficit has been identified as 65% of 
the respondents indicated the incorrect responses. 
4.4.7 Knowledge scores – Section B 
As noted in Chapter 3, the statistician used the process of factor analysis in order to 
score respondents. In factor analysis respondents received marks for choosing the 
correct responses which was then converted to a score out of 100 for each section. 
In this way the statistician could work out a frequency distribution of respondent’s 
scores. Respondent’s scores are given as frequency distribution tables ranging from 
0 to 100 in groups of 10. As an example: if 20 of the 40 (50%) respondents scored 
55% they would be grouped in the table under the range of 50-59.This process was 
applied from Section B to Section G. After factor analysis and scoring were 
performed the following frequency distribution of respondents’ scores was obtained.  
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Figure 4.13: Frequency distribution of knowledge 
  
Based on Figure 4.13 it is evident that a significant lack of knowledge exists among 
respondents regarding overview of concepts in weaning from mechanical ventilation. 
Only three (7.5%) respondents scored between 50-59%, and thus have adequate 
knowledge on the overview of weaning from mechanical ventilation. One (3%) 
respondent obtained a score of less than 10%. The mean score was 26.3% with a 
standard deviation (SD) of 11.09%. A maximum score of 56% was obtained. The 
mean score indicates the average score obtained by respondents while the SD 
indicates the average deviance from the mean. The fact that 92.5% of respondents 
obtained scores of less than 50% is indicative of a knowledge deficit among 
professional nurses regarding a general overview on weaning from MV. 
4.4.8 Summary of section 
A general lack of knowledge was found in this section regarding an overview of 
weaning from mechanical ventilation. Most (92.5%) of respondents have a view that 
weaning is a slow and gradual process. Only nine (22.5%) respondents were aware 
that 48 hours of unassisted breathing following weaning and extubation constitutes a 
successful weaning episode. More than half (67.5%) of respondents believed all 
patients who develop respiratory failure after extubation should receive Non-Invasive 
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Positive Pressure ventilation, while 67.5% of respondents did not know that 
irreversible ventilatory support is one of the endpoints of weaning. 
 
The questions exploring the classification of patients into groups also indicated a 
knowledge deficit amongst professional nurses in the critical care unit. Most 
respondents preferred to remain neutral to the three statements posed, while on 
average 80% chose the wrong options. Almost half (47.5%) of the total sample size 
did not know that patients who received non-invasive positive pressure ventilation 
after extubation were in fact classified as weaning in progress.  
 
The overall analysis is that professional nurses lack knowledge regarding a general 
overview of weaning from mechanical ventilation, as 92.5% of the respondents’ 
scores were below 50%. 
4.5 SECTION C: MODES AND METHODS OF WEANING FROM 
MECHANICAL VENTILATION 
Section C focused on the different modes and methods used in weaning the critically 
ill patient from mechanical ventilation. Respondents were given nine questions: The 
first five consisted of Lickert type statements where respondents had to choose from 
a list ranging from strongly disagree to strongly agree, while the last four questions 
were based on a rating scale.  
4.5.1 Synchronised Intermittent Mandatory Ventilation (SIMV) as a weaning 
mode 
Respondents received a statement that the rest period during mandatory breaths in 
SIMV weaning mode allows for respiratory muscle recovery and facilitates weaning. 
The correct response was either strongly disagreed or disagreed, but only three 
(7.5%) responded correctly. The following responses were obtained as displayed in 
Figure 4.14. 
 0 (0%) respondents strongly disagreed with the statement; 
 3 (7.5%) respondents disagreed with the statement; 
 5 (12.5%) respondents chose the neutral option; 
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 25 (62.5%) respondents agreed with the statement; and 
 7 (17.5%) respondents strongly agreed with the statement. 
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Figure 4.14: SIMV as a weaning mode 
 
Hess (2001:475) states that respiratory muscle rest does not occur during the 
mandatory breaths of SIMV mode and that respiratory centre output and muscle 
activity are the same during the mandatory breaths and spontaneous breaths. This 
means that even during the mandatory breaths muscle activity is the same as during 
spontaneous breathing and no muscle rest actually occurs as previously believed. 
Furthermore, MacIintyre (2007:1052) states that no good evidence exists that 
alternating loading and resting of respiratory muscles in SIMV weaning provides any 
physiological benefit or facilitates weaning. 
4.5.2 Pressure support ventilation as a weaning mode 
This statement noted that pressure support ventilation (without backup synchronised 
intermittent mandatory ventilation rate) should never be used as a stand-alone 
ventilator weaning mode. The most correct answer was strongly disagreed or 
disagreed. It is clear from the results as displayed in Figure 4.15 that professional 
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nurses lack knowledge on the use of PSV as a weaning modality as only 11 (27.5%) 
respondents chose the correct answer. A large proportion of respondents (72.5 %) 
agreed or strongly agreed with the statement, or chose the neutral option. The 
results are as follows: 
 0 (0%) respondents strongly disagreed with the statement; 
 11 (27.5%) respondents disagreed with the statement; 
 3 (7.5%) respondents chose the neutral option; 
 21 (52.5%) respondents agreed with the statement; and 
 5 (12.5%) respondents strongly agreed with the statement. 
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Figure 4.15: PSV as a weaning mode 
 
Hess (2001:475) states that when the level of pressure support is high relative to 
patient effort nearly full ventilatory support is given and that PSV is now a frequently 
employed stand-alone weaning modality. When using pressure support ventilation as 
a weaning modality, the level of support is progressively reduced as tolerated by the 
patient. When a pressure support level of 5-8 cm H2O is achieved, extubation can be 
considered (Hess, 2001:475). Pressure support ventilation is thus a widely accepted 
stand-alone weaning mode.  
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4.5.3 Multiple daily periods of T-piece breathing versus SIMV weaning 
Respondents were given a statement that multiple periods of T-piece breathing per 
day are a more effective weaning modality than progressive rate reduction in SIMV 
weaning. The correct answer was strongly agreed or agreed, but only 18 (47.5%) 
gave a correct answer. The results as illustrated in Figure 4.16 are as follows: 
 4 (12.5%) respondents strongly disagreed with the statement; 
 14 (35%) respondents disagreed with the statement; 
 7 (17.5%) respondents chose the neutral option; 
 12 (30%) respondents agreed with the statement; and 
 2 (5%) respondents strongly agreed with the statement. 
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Figure 4.16: Multiple daily periods of T-piece breathing 
 
Esteban et al. (1995:348) concluded that multiple daily trials of T-piece breathing 
have a statistically significant advantage over SIMV weaning. Meade et al. 
(2001:430) found that after pooling of results of randomised controlled trials focusing 
on the efficacy of the different weaning techniques, multiple daily periods of T-piece 
breathing were more effective than synchronised intermittent mandatory ventilation. 
Data as analysed with regard to this question reflect a knowledge deficit amongst 
professional nurses as 52.5% of respondents answered incorrectly and this must be 
addressed. 
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4.5.4 T-Piece breathing versus using the ventilator for a weaning trial 
This section stated that using a T-piece to conduct a weaning trial is more effective 
than using the ventilator. The best response to this statement was the neutral option, 
which was chosen by 12 (30%) respondents. The results obtained as reflected in 
Figure 4.17 are as follows: 
 2 (5%) respondents strongly disagreed with the statement; 
 9 (22.5%) respondents disagreed with the statement; 
 12 (30%) respondents chose the neutral option; 
 13 (32.5%) respondents agreed with the statement; and 
 4 (10%) respondents strongly agreed with the statement 
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Figure 4.17: T-piece versus ventilator for weaning trial 
 
A multicenter randomised controlled trial (RCT) found that there is no difference in 
outcome between patients weaned with either the conventional T-piece or using the 
ventilator with a pressure support level of 7cm of water to conduct a trial of 
spontaneous breathing (Esteban,et al. 2007:462). 
 
Boles et al. (2007:1042) state that a spontaneous breathing trial (SBT) can be 
conducted by using wall-mounted oxygen via a T-piece or by using a ventilator with 
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low levels of pressure support of 5-8 cm H2O and no or up to 5 cm positive end 
expiratory pressure (PEEP). The rationale for using pressure support and PEEP is to 
overcome the resistance of the endotracheal tube and the ventilator tubing (Boles et 
al., 2007:1042). 
 
There is thus no clear advantage related to patient outcomes in using either of the 
two methods as a weaning modality. A lack of knowledge was identified as 28 (70%) 
of respondents indicated the incorrect responses. 
4.5.5 SIMV as the most effective weaning mode 
Respondents were given a statement that SIMV weaning is the most effective 
weaning mode available. The correct response was strongly disagree or disagree, 
which only three (7.5%) of the respondents did as reflected below and in Figure 4.18. 
 0 (0%) respondents strongly disagreed with the statement; 
 3 (7.5%) respondents disagreed with the statement; 
 9 (22.5%) respondents chose the neutral option; 
 20 (50%) respondents agreed with the statement; and 
 8 (20%) respondents strongly agreed with the statement. 
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Figure 4.18: SIMV as the most effective weaning mode 
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In what are probably the two most informative studies on modes of weaning from 
mechanical ventilation, SIMV weaning received the worst outcomes with regard to 
effectiveness as a weaning modality (Esteban et al., 1995:462; Brochard et al., 
1994:889). 
 
Meade et al. (2001:427) found during a meta-analysis of randomised control trials 
comparing different weaning modes that SIMV weaning produced the worst outcome 
in respect of length of mechanical ventilation, ICU length of stay and mortality and 
concluded SIMV weaning is the poorest form of withdrawing ventilatory support. 
Boles et al. (2007:1042) concur that SIMV should be avoided as a weaning mode, 
while MacIntyre et al. (2001:384) concluded that SIMV weaning is inferior to using 
pressure support ventilation or T-piece trials as a weaning modality.  
From the data analysis, it is clear that a knowledge deficit exists amongst registered 
nurses with regard to this question as 37 (92.5%) respondents chose the wrong 
options.  
4.5.6 Effectiveness of different weaning modes 
This section provided respondents with the four most prominent weaning modes and 
they were required to rate each one from poor to excellent based on its 
effectiveness. Based on the literature from Chapter 2, SIMV weaning is a poor 
weaning modality. Pressure Support Ventilation (PSV), multiple daily trials of 
spontaneous breathing, and the once daily trial of T-piece breathing are equally 
effective although the once daily strategy is considered superior. Table 4.1 provides 
a summary of responses obtained.  
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Table 4.1 Rating of different weaning modes 
Mode 
Poor                                                                 Excellent 
1 2 3 4 5 
1 SIMV weaning 0(0%) 1(2.5%) 4(10%) 19(47.5%) 16(40%) 
2 
Pressure support 
ventilation 
2(5%) 5(12.5%) 15(37.5%) 13(32.5%) 5(12.5%) 
3 
Multiple daily trials of 
T-piece breathing 
1(2.5%) 6(15%) 9(22.5%) 18(45%) 6(15%) 
4 
Once daily trials of    
T-piece breathing 
2(5%) 11(27.5%) 13(32.5%) 13(32.5%) 1(2.5%) 
 
Based on Table 4.1 the following frequency of responses was obtained: 
 SIMV weaning: 35 (87.5%) rated SIMV weaning as good to excellent; 
 Pressure support ventilator: 15 (37.5%) respondents rated PSV in the middle 
range of the scale, while 18 (45%) rated it as good or excellent; 
 Multiple daily trials of T-piece breathing: 24 (60%) rated this mode as good to 
excellent, while seven (17.5%) rated it as average to poor. 
 Once daily trials of T-piece breathing: 14 (34%) respondents rated this mode as 
good to excellent, while 13 (32.5%) rated it as fair to poor. The remaining 13 
(32.5%) rated this modality as average. 
 
As discussed in the previous section, synchronised intermittent mandatory ventilation 
should be avoided as a weaning modality and is considered to be the worst weaning 
mode available (Boles et al., 2007:1042). Three large multicentre randomised 
controlled trials proved that SIMV is the worst weaning modality compared with once 
daily trials of T-piece weaning, pressure support weaning and multiple daily trials of 
T-piece weaning. In one study once daily trials of T-piece weaning and the multiple 
daily trial approach were equally effective (Esteban et al., 1995: 462). In the second 
study PSV weaning proved superior (Brochard et al., 1994:889). The results of the 
third study displayed a statistically significant reduction in weaning time, days on MV 
and mortality in the group who underwent a once daily trial of T-piece breathing (Ely 
et al., 1996:1868). One aspect is clear from all these studies: SIMV is the worst 
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weaning modality when it comes to weaning the critically ill patient from MV. 
 
Evidence-based guidelines recommend that the once daily strategy is superior to 
other techniques and that using multiple progressively longer periods on T-piece is 
reserved for patients who persistently fail once daily trials of spontaneous breathing. 
MacIntyre et al. (2001:384) concluded that synchronised intermittent mandatory 
ventilation weaning is inferior to using pressure support ventilation or T-piece trials 
as a weaning modality. Kupfer and Tesler (2001:9) agree that synchronised 
intermittent mandatory ventilation is the worst weaning mode and add that pressure 
support weaning and trials of spontaneous breathing are equally effective as long as 
a structured approach such as weaning protocols is used. 
 
A significant knowledge deficit is thus present regarding the different weaning 
modalities and their effectiveness as 87.5% of respondents rated synchronised 
intermittent mandatory ventilation as good to excellent. Contrary to evidence, 26 
(60%) respondents rated once daily trials of spontaneous breathing as poor to 
average. This is concerning and needs to be addressed. 
4.5.7 Knowledge scores: section C 
After factor analysis and scoring the following frequency distribution of knowledge 
scores was obtained. 
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Figure 4.19: Knowledge scores: Section C 
 
Only one (2.5%) respondent scored 50-59% which indicates adequate knowledge A 
significant knowledge deficit have been identified as 97.5% of respondents scored 
less than 50%. No score of more than 60% was obtained. The mean score (n=40) 
obtained was 26.85% with a standard deviation of 9.08. The minimum score 
obtained was 6% and the maximum score was 50%.  
 
Based on the results of the knowledge scores as displayed in Figure 4.19 it can be 
concluded that a knowledge deficit exists among professional nurses regarding the 
different weaning modes.  
4.5.8 Summary of section 
Data analysis revealed a definite knowledge deficit with regard to modes and 
methods of weaning the critically ill patient from mechanical ventilation. It is of 
concern that professional nurses are of the view that muscle rest and recovery 
occurs during synchronised intermittent mandatory ventilation (SIMV). Pressure 
support is also not considered to be a ventilator weaning mode that can be utilised 
on its own. Furthermore, it is evident that professional nurses firmly believe that 
SIMV is a superior weaning modality compared to pressure support weaning, once 
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daily trials of T-piece breathing and multiple daily trials of T-piece breathing. There 
was also a general lack of knowledge identified in the section focusing on using well-
mounted oxygen to conduct a T-piece trial versus using the ventilator. 
4.6 SECTION D: CRITERIA TO ASSESS WEANING READINESS 
Section D focused on respondents’ knowledge regarding the criteria to assess 
weaning readiness. The first five questions required the respondents to respond to a 
rating scale giving them the options to strongly disagree, disagree, remain neutral, 
agree or strongly agree with the given statement. The remaining three questions 
comprised multiple choice questions. The results for this section are discussed 
below. 
4.6.1 Weaning a patient on high dose inotropes 
Respondents were given a statement that a patient who is mechanically ventilated 
due to cardiogenic oedema and presents with normal blood gas result, 100% O2 
saturation and dobutamine infusion at 25 mg/kg/minute, is ready to be weaned from 
MV. The most correct answer was strongly disagreed or disagreed, which was given 
by 23 (57.5%) of the respondents. The results as illustrated in Figure 4.20 are as 
follows: 
 2 (5%) respondents strongly disagreed with the statement; 
 21 (52.5%) respondents disagreed with the statement; 
 6 (15%) respondents chose the neutral option; 
 10 (25%) respondents agreed with the statement; and 
 1 (2.5%) respondent strongly agreed with the statement. 
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Figure 4.20: Weaning a patient on high dose inotropes 
 
Macintyre et al. (2001:380) state that one of the objective criteria that must be met is 
stable cardiovascular system function with no or minimal inotropic support. 
Robertson (2007:3) concurs that haemodynamic stability with no or low dose 
inotropes is a prerequisite before weaning can be considered. Although 57.5% of the 
respondents gave the correct response, it is concerning that 42.5% of the 
professional nurses in the critical care unit have a knowledge deficit regarding this 
important weaning criterion. 
4.6.2 Weaning when surgery is anticipated 
This question stated that a patient may be weaned from mechanical ventilation even 
if surgery is anticipated within the next 48 hours. The most correct answer was 
strongly disagreed or disagreed, which was given by 21 (52.5%) of the respondents 
as reflected below and in Figure 4.21. 
 1 (2.5%) respondents strongly disagreed with the statement; 
 18 (45%) respondents disagreed with the statement; 
 4 (10%) respondents chose the neutral option; 
 14 (35%) respondents agreed with the statement; and 
 3 (7.5%) respondents strongly agreed with the statement. 
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Figure 4.21: Weaning when surgery is anticipated 
 
MacIntyre et al. (2001:380) state that weaning from MV should be deferred if any 
type of surgery is anticipated within the next 48 hours.  
 
Based on the results 21 (52.5) respondents have adequate knowledge regarding 
anticipated surgery and weaning decisions. However, it is concerning that 47.5% of 
respondents have a knowledge deficit.  
4.6.3 Weaning the pyrexial and anaemic patient  
Respondents received a statement that a patient with normal arterial bloodgas 
results and oxygen saturation of 95% is a good candidate for weaning even if the 
patient’s temperature is 38.9°C and the haemoglobin (HB) level is 7.0g/dL. The 
correct answer to this question was strongly disagreed or disagreed, which was 
given by 22 (55%) of the respondents. The results as illustrated in Figure 4.22 are as 
follows: 
 2 (5%) respondents strongly disagreed with the statement; 
 20 (50%) respondents disagreed with the statement; 
 6 (15%) respondents chose the neutral option; 
 12 (30%) respondents agreed with the statement; and 
 0 (0%) respondents strongly agreed with the statement. 
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Figure 4.22: Weaning the pyrexial and anaemic patient 
 
Robertson (2007:3) states that a patient needs to be afebrile (temperature <38°C) 
and the HB level needs to be ≥8g/dL before weaning could be considered. These 
criteria are corroborated by MacIntyre et al. (2001:380) who also state that febrility 
and an HB ≥8G/dL are evidenced based criteria to be met before weaning from MV 
could be considered. Although 55% of the respondents indicated a correct response, 
a knowledge deficit existed amongst 45% of the respondents and must be 
addressed. 
4.6.4 PaO2/FiO2 ratio and weaning  
Respondents received a statement that the PaO2/FiO2 ratio should be less than 120 
before a patient can be considered for weaning. The most correct responses to this 
statement were strongly disagreed or disagreed, which were only given by 12 (30%) 
of the respondents. The results are as follows and are graphically represented in 
Figure 4.23. 
 0 (0%) respondents strongly disagreed with the statement; 
 12 (30%) respondents disagreed with the statement; 
 19 (47.5%) respondents chose the neutral option; 
 9 (22.5%) respondents agreed with the statement; and 
 0 (0%) respondents strongly agreed with the statement. 
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Figure 4.23: PaO2/FiO2 ratio and weaning 
 
Robertson (2007:3) states that the PaO2/FiO2 ratio needs to be more than 200 
before weaning can be considered. PaO2/FiO2 ratio 200; which is the ratio of 
alveolar partial pressure of oxygen to fraction of inspired air. A value of more than 
200 indicates adequate oxygenation. A PaO2/FiO2 ratio of less than 200 indicates 
poor oxygenation and decreases the likelihood of successful weaning. 
 
MacIntyre et al. (2001:380) corroborated this view although the cut off value for the 
PaO2/FiO2 ratio is set at 150. Based on the data analysis, a knowledge deficit exists 
amongst 70% of the respondents who indicated incorrect responses. 
4.6.5 Mechanical factors and weaning decisions 
Respondents received a statement that mechanical factors such as flail chest do not 
have a significant impact on the decision regarding when to commence weaning 
from MV. The most correct option for this question was strongly disagreed or 
disagreed. The results as illustrated in Figure 4.24.are as follows: 
 4 (10%) respondents strongly disagreed with the statement; 
 22 (55%) respondents disagreed with the statement; 
 7 (17.5%) respondents chose the neutral option; 
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 6 (15%) respondents agreed with the statement; and 
 1 (2.5%) respondent strongly agreed with the statement. 
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Figure 4.24: Mechanical factors and weaning decisions 
 
Robertson (2007:3) states that no mechanical factors such as flail chest should be 
present or impede respiration before weaning from MV is considered. Adequate 
knowledge regarding this weaning parameter have been identified among 26 (65%) 
of the. However, a knowledge deficit exists amongst 35% of the respondents. 
4.6.6 Pulmonary Function Parameters 
For this question respondents were given a list of pulmonary function parameters 
that can be useful during weaning from MV. Respondents were given a list of four 
values for each of the three parameters and were asked to choose the most optimal 
value for a patient breathing spontaneously on a ventilator.  
 
4.6.6.1 Minute ventilation 
In Question 26 respondents were asked to choose the most optimum value for 
minute ventilation that can indicate successful weaning. The most correct answer to 
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this question was 6-10 L/min, which was given by 22 (56%) of the respondents. The 
results, as illustrated in Figure 4.25 are as follows: 
 22 (56%) respondents chose the option of 6-10 L/min; 
 12 (31%) indicated the optimum value is 10-15 L/min; 
 4 (10%) respondents indicated the optimum value is 20-25 L/min; and 
 1 (3%) respondent chose the option of 25-30 L/min. 
 
 
Figure 4.2: Minute ventilation (n=39) 
 
In Baird et al. (2005:19) minute ventilation is defined as total volume x respiratory 
rate and the optimal value during weaning from MV is 6-10 L/minute and if adequate 
it means that the patient is breathing at a stable rate with adequate tidal volume. 
Respondents displayed adequate knowledge as 56% (22) chose the correct option. 
4.6.6.2 Tidal volume during weaning 
Respondents were given values for the most optimum tidal volume during weaning 
from MV and asked to choose the correct option. The most correct option was 5-10 
ml/kg. The following results, as illustrated in Figure 4.26 were obtained.  
 29 (76%) respondents chose the option of 3-8 ml/kg; 
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 3 (8%) respondents chose the option of 5-10 ml/kg; 
 4 (11%) respondents chose the option of 15-20 ml/kg; and 
 2 (5%) respondents chose the option of >20 ml/kg. 
 
The most correct option for this question was 5-10 ml/kg. As shown in Figure 4.25 
only 8% (3) respondents chose this option, highlighting a lack of knowledge 
regarding the optimum TV values during weaning from MV. 
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Figure. 4.26: Tidal volume during weaning (n=38) 
 
Tidal volume indicates the ability of the patient to adequately ventilate and the most 
optimum value is 5-10L/minute. A tidal volume of <5L/minute is an indication that the 
patient is hypoventilating (Baird et al., 2005:19). A lack of knowledge has been 
identified as 35 (92%) of the respondents chose the wrong answer. 
4.6.6.3 Maximum voluntary ventilation  
Respondents were given a list of values for maximum voluntary ventilation during 
weaning. The correct response was 2x resting voluntary ventilation. The following 
results were obtained as displayed in Figure 4.27. Out of the total sample (n=40), 
only 38 respondents answered the question as follows: 
 12 (32%) respondents said the optimum value is equal to resting voluntary 
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ventilation; 
 18 (47%) respondents chose the option of 15x resting voluntary ventilation; 
 2 (5%) respondents chose the option of 2x resting voluntary ventilation; and 
 6 (16%) respondents chose the option of ≤2x resting voluntary ventilation. 
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Figure 4.3: Maximum voluntary ventilation (VE) (n=38) 
 
Baird et al. (2009:19) assert that the most optimum value for maximum voluntary 
ventilation is 2x the patient’s resting minute ventilation and is a measure of 
respiratory muscle strength as well as an indication if a patient can sustain maximal 
respiratory effort. As displayed in Figure 4.27 only 2 (5%) of the respondents chose 
the correct option of 2x resting voluntary ventilation, while 95% (36) of respondents 
indicated incorrect responses. These results highlight a lack of knowledge regarding 
optimum values of maximum voluntary ventilation during weaning from MV.  
4.6.7 Summary of knowledge scores 
Based on the results obtained for Section D a frequency distribution of knowledge 
scores was created and is displayed in the following figure. 
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Figure 4.28: Knowledge scores: Section D 
 
Based on Figure 4.28, the following can be concluded: 
 57.5% (23) respondents obtained a score ≤50% and 
 42.5% (17) respondents obtained scores of ≥50%. 
 
For the total sample of 40 respondents the mean score obtained was 43.5% with a 
standard deviation of 12.5%. The minimum score obtained was 13%, while the 
maximum score was 69%. Only 17 respondents scored more than 50% in this 
section. It can thus be concluded that a significant knowledge deficit exists regarding 
criteria to assess weaning readiness.  
4.6.8  Summary of section 
A knowledge deficit have been identified amongst 57% of respondents. This 
knowledge deficit was particularly apparent in the area of pulmonary function 
parameters such as minute ventilation, tidal volume and maximal voluntary 
ventilation. 
4.7 SECTION E: THE SPONTANEOUS BREATHING TRIAL 
Section E was concerned with the Spontaneous Breathing Trial (SBT) and how it 
relates to weaning the critically ill patient from mechanical ventilation. This section 
was divided into five questions: the first consisted of five Lickert type statements 
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while the other four were multiple choice questions where respondents had to 
choose the most correct answer. 
4.7.1 SBT conducted on a ventilator 
Respondents were given the following statement: The doctor prescribed an SBT and 
indicated that you must use the ventilator to conduct the trial. Respondents were 
asked to which extent they agreed or disagreed with the statement. The most correct 
response was strongly agreed or agreed. The following is a list of responses 
obtained as displayed in Figure 4.29. 
 2 (5%) respondents strongly disagreed with the statement; 
 17 (42.5%) respondents disagreed with the statement; 
 8 (20%) respondents chose the neutral option; 
 11 (27.5%) respondents agreed with the statement; and 
 2 (5%) respondents strongly agreed with the statement. 
 
Figure 4.29 provides a frequency distribution of responses obtained:  
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Figure 4.29: SBT conducted on a ventilator (n=40) 
 
Esteban et al. (1997:462) and Matic et al. (2004:165) found no difference in weaning 
outcome between groups receiving an SBT via a T-piece or on the ventilator. The 
main advantage of using the ventilator to conduct the SBT is patient safety as the 
patient can be monitored on the basis of ventilator data and full mechanical 
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ventilation can be swiftly re-established and so the use of the ventilator to conduct 
the SBT is advocated. Respondents displayed a lack of knowledge as only 32.5% 
answered correctly and 67.5% indicated incorrect responses. 
4.7.2 Section E1.2 – Ventilator settings for SBT  
Respondents received a statement that the most appropriate ventilator settings for 
conducting the SBT are a pressure support of 10 cmH20 and a PEEP level of 10 cm 
water. The most correct response was strongly disagreed or disagreed. Only seven 
(17.5%) respondents were correct as illustrated below and in Figure 4.30. 
 1 (2.5%) respondent strongly disagreed with the statement; 
 6 (15%) respondents disagreed with the statement; 
 6 (15%) respondents chose the neutral option; 
 23 (57.5%) respondents agreed with the statement; and  
 4 (10%) respondents strongly agreed with the statement. 
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Figure 4.30: Ventilator settings for SBT (n=40) 
 
Tobin (2001:1993) states that the level of pressure support during a spontaneous 
breathing trial is widely accepted as 5-8 cm of water with or without a positive end 
expiratory pressure of up to 5 cm of water. Any support of more than 8 cm of water 
will thus provide too much patient support and may result in erroneous interpretation 
of the outcome of the SBT. 
A lack of knowledge regarding the level of pressure support required during an SBT 
Data Collection and Discussion  Chapter Four 
113 
 
have been identified 82.5% of respondents were incorrect regarding the optimal level 
of pressure support and positive end expiratory pressure (PEEP) for conducting a 
spontaneous breathing trial. 
4.7.3 Section E1.3 – Optimum period for SBT 
Respondents received a statement that the optimum period for conducting the SBT 
is at least 4 hours. The most correct answer was strongly disagreed or disagreed. 
Only 39 (n=39) respondents completed this question. The fact that only six (15%) 
respondents chose the most correct option is indicative of a knowledge deficit 
regarding the optimum period for conducting the SBT. The results obtained as 
illustrated in Figure 4.31 are as follows:  
 1 (2.5%) respondent strongly disagreed with the statement; 
 5 (12.5%) respondents disagreed with the statement; 
 8 (21%) respondents chose the neutral option; 
 19 (49%) respondents agreed with the statement; and 
 6 (15%) respondents strongly agreed with the statement. 
 
Figure 4.31 provides a frequency distribution of responses obtained: 
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Figure 4.31: Optimum period for SBT (n=40) 
 
Esteban et al. (1995:516) found that a 30 minute SBT is effective in identifying 
patients for extubation regardless of the indication for mechanical ventilation. 
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Furthermore, all other RCTs not using the 30 minute SBT had a maximum SBT 
duration of 2 hours (Esteban et al., 1995:462, Brochard et al., 1994:889, Ely et al., 
1996:1868). A knowledge deficit has been identified among 85% of respondents who 
indicated incorrect responses. 
4.7.4 Section E1.4 – Goal of SBT  
Respondents received the following statement: The goal of placing a patient on an 
SBT is to condition or exercise the respiratory muscles as extubation seldom occurs 
after the first SBT. The most correct answer to this statement was strongly disagreed 
or disagreed. The results as illustrated in Figure 4.32 are as follows: 
 0 (0%) respondents strongly disagreed with the statement; 
 4 (10%) respondents disagreed with the statement; 
 7 (18%) respondents chose the neutral option; 
 20 (51%) respondents agreed with the statement; and 
 8 (21%) respondents strongly agreed with the statement. 
 
Figure 4.32 provides a frequency distribution of responses obtained: 
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Figure 4.32 : Goal of SBT (n=39) 
 
Ely et al. (1996:1866) found a statistically significant reduction in both weaning times 
and days on mechanical ventilation when the SBT was used to identify patients 
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capable of breathing spontaneously. Boles et al. (2007:1042) furthermore asserted 
that the SBT is the major diagnostic test to identify patients who can be successfully 
extubated. Conti et al. (2004:835) added that up to 76% of patients can be 
successfully extubated following the first SBT. 
 
Only 10% of respondents chose the correct response indicating a significant 
misunderstanding among professional nurses regarding the goal of placing a patient 
on a spontaneous breathing trial. 
4.7.5 Section E1.5 – Subjective measurements of SBT failure 
Respondents received a statement that subjective measurements such as nasal 
flaring, worsening discomfort and diaphoresis should not be considered as evidence 
of spontaneous breathing trial failure. The most correct answer was strongly 
disagreed. The results for this statement as depicted in Figure 4.33 are as follows: 
 7 (18%) respondents strongly disagreed with the statement; 
 17 (45%) respondents disagreed with the statement; 
 4 (11%) respondents chose the neutral option; 
 7 (18%) respondents agreed with the statement; and 
 3 (8%) respondents strongly agreed with the statement. 
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Figure 4.33: Subjective measurements of SBT failure (n=38) 
Onset of worsening discomfort, diaphoresis and nasal flaring are considered as 
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indicative of trial failure (Stawicky, 2007:14, Boles et al., 2007:1041). Even though 
63% of respondents answered correctly it is disconcerting that 37% of respondents 
are not aware that the above signs and symptoms are evidence of spontaneous 
breathing trial failure.  
4.7.6 Summary of section 
A knowledge deficit have been identified across all aspects of the spontaneous 
breathing trial. Respondents lack knowledge regarding how to conduct a SBT, 
ventilator setting for the SBT as well as the optimum period for conducting the SBT. 
Furthermore, the results indicated a lack of knowledge regarding the goals of the 
SBT as well as when to reattempt a SBT once trial failure occurred. 
4.7.7 Section E2 – When to re-attempt an SBT after trial failure  
Respondents were asked when they would re-attempt an SBT if a patient failed a 
trial. Only one option was allowed out of a possible four answers. The most correct 
answer was 24 hours. Only 11 (27.5%) respondents answered correctly as illustrated 
in the results: 
 4 (10%) respondents chose the option of 4 hours after a failed trial; 
 11 (27.5%) respondents chose the option to wait at least 24 hours; 
 15 (37.5%) respondents chose the option to assess a patient every 2 hours; 
and  
 10 (25%) respondents chose the option to re-assess after 48 hours after the 
failed SBT before considering a new trial. 
 
Boles et al. (2007:1042) state that at least 24 hours are needed to facilitate 
respiratory muscle recovery after a failed spontaneous breathing trial before a new 
trial can be considered. Based on the results, a knowledge deficit exists among 29 
(72.5%) of the respondents. 
 
4.7.8 Section E3 – monitoring the patient on an spontaneous breathing trial  
Respondents were given the following scenario: A patient undergoing an 
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spontaneous breathing trial (SBT) has a saturation of 95%. Both pulse rate and BP 
have increased by more than 20% above the baseline and increased agitation is 
noted. Respondents were then asked to choose one option to indicate their next 
action. The most correct response was to immediately discontinue the spontaneous 
breathing trial. Based on the results obtained only one respondent answered 
correctly Results for this question are as follows: 
 10 (25%) respondents indicated they would continue to monitor patient, 
SPO2>92%; 
 1 (2.5%) respondent indicated he/she would discontinue SBT immediately; 
 28 (70%) respondents indicated that they would recommence partial support; 
and 
 1 (2.5%) respondent indicated that he/she would extubate the patient as 
he/she was just anxious.  
In three multicentre randomised controlled trials, heart rate and blood pressure 
changes of more than 20% above the baseline along with increased agitation were 
considered as evidence of spontaneous breathing trial failure and prompted 
recommencement of full ventilatory support (Esteban et al., 1995:462, Brochard et 
al., 1994:889; Ely et al., 1996:1868). Boles et al. (2007:1041) noted objective 
parameters such as a heart rate and blood pressure increase of 20% above the 
baseline as well as subjective indexes such as increased agitation and anxiety. 
Stawicki (2007:4) concurs that agitation and blood pressure as well as pulse rate 
changes of ≥20% are clear indicators of SBT failure. The accepted action to take if 
any of these occur is thus to discontinue the SBT and return the patient to full 
ventilatory support. Based on the result a knowledge deficit has been identified as 
97.5% of respondents indicated incorrect answers. 
4.7.9 Summary of knowledge scores 
Following factor analysis it was possible to establish the frequency distribution of 
respondents’ scores on the role of the SBT in weaning from MV. The results are 
illustrated in Figure 4.34. 
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Figure 4.34: Summary of knowledge scores 
 
Based on Figure 4.34 it is clear that a knowledge deficit exists among professional 
nurses regarding the Spontaneous Breathing Trial. The results are summarised 
below: 
 Two respondents had scores above 50%, indicating adequate knowledge, 
 Two (5%) respondents had scores above 60%, indicating above average 
knowledge, and 
 Thirty-six respondents (90%) had scores of less than 50%, indicating a 
knowledge deficit.  
 
The results highlight a significant knowledge deficit regarding the role of the 
spontaneous breathing trial in weaning from mechanical ventilation. 
4.8 SECTION F: WEANING INDEXES 
The focus of this section was weaning indexes with specific reference to the Rapid 
Shallow Breathing Index (RSBI) 
4.8.1 Introduction 
This section was related to respondents’ knowledge regarding indexes 
proposed to predict weaning outcome, generally referred to as weaning indexes. 
Based on the literature review, only the Rapid Shallow Breathing Index (RSBI) has 
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any statistically significant power to predict weaning outcome (Conti et al., 
2004:834). The focus of this section was thus the RSBI. The first question was a 
filter question and based on the answer (yes or no) respondents then could respond 
to the follow-up question. 
4.8.2 Use of the rapid shallow breathing index 
Respondents were asked if they used the RSBI to predict weaning outcome in their 
unit (work setting). The following results were obtained (n=38): 
 8 (21 %) respondents indicated that they do use the RSBI to predict 
weaning success (Yes), 
 30 (79%) indicated that they do not use the RSBI as a predictor of weaning 
outcome (No). 
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Figure 4.35: Use of the RSBI in unit 
Alia and Esteban (2000:73) stated that, based on the fact that an RSBI of >105 
decreases the likelihood of successful weaning to less than 4%, it should be included 
in decisions regarding weaning from mechanical ventilation. From the responses 
obtained there is a clear indication that the value of the RSBI as a weaning index is 
not fully appreciated as 79% of respondents do not use this index as a weaning tool. 
4.8.3 Frequency of using the rapid shallow breathing index. 
This was a follow-up question aiming to establish how often the RSBI is used as a 
tool to predict weaning outcome. The following frequency of responses was obtained 
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(n=14). 
 4 (28.5%) respondents indicated that they always use the RSBI as a tool to 
predict weaning outcome; 
 0 (0%) respondents chose the option that they often use the RSBI; 
 2 (14.5%) respondents indicated that they seldom use the RSBI; and 
 8 (57%) respondents indicated that they never use the RSBI as a tool to 
predict weaning outcome. 
 
In the preceding question, eight respondents indicated that they do use the RSBI as 
a weaning index in their unit; however, in the follow-up question only four 
respondents indicated that they always use the RSBI as a weaning index or tool to 
predict weaning outcome.  
4.8.4 Weaning indexes  
This question consisted of four statements where respondents were given the option 
to choose from a Lickert scale ranging from: strongly disagree to strongly agree. 
Each of these statements will be discussed separately. 
4.8.5 Measurement of RSBI and ventilator support 
Respondents were given a statement that it is best to measure the RSBI while the 
patient is receiving full ventilatory support. The most correct option for this statement 
was strongly disagreed or disagreed. Only 6 (16%) answered correctly as illustrated 
in Figure 4.36: 
 0 (0%) respondents strongly disagreed with the statement; 
 6 (16%) respondents disagreed with the statement; 
 16 (43%) respondents chose the neutral option; 
 15 (41%) respondents agreed with the statement; and 
 0 (0%) respondents strongly agreed with the statement. 
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Figure 4.36: Measuring RSBI during full ventilator support 
 
Mahoori et al. (2007:32) state that the RSBI must be measured while the patient is 
on a spontaneous breathing mode with low levels of pressure support (5-8 cm of 
water) and positive end expiratory pressure (PEEP) of up to 5 cm H2O. The object of 
RSBI is thus to measure patient effort. 
Based on the results, 31 (84%) of respondents indicated incorrect responses. These 
findings are evidence of a lack of knowledge on the aspect of ventilator support 
when measuring the RSBI 
4.8.5.1 Calculating of rapid shallow breathing index 
Respondents received a statement that the RSBI is calculated by multiplying the 
minute ventilation with the respiratory rate. The most correct option for this statement 
was strongly disagreed or disagreed, of which two (5%) respondents indicated the 
correct response. The results as outlined in Figure 4.37 are as follows: 
 0 (0%) respondents strongly disagreed with the statement; 
 2 (5%) respondents disagreed with the statement; 
 20 (54%) respondents chose the neutral option; 
 15 (41%) respondents agreed with the statement; and 
 0 (0%) respondents strongly agreed with the statement. 
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Figure 4.37: Calculating of RSBI 
 
Mahoori et al. (2007:32) state that the RSBI is calculated by dividing the respiratory 
rate by the average tidal volume in litres. Based on the results, a general lack of 
knowledge regarding calculation of the RSBI is noted as 95% of respondents chose 
the incorrect responses. 
4.8.5.2 Rapid shallow breathing index values 
Respondents received a statement that RSBI values of >150 significantly increase 
the probability of successful weaning from mechanical ventilation. The most correct 
answer to this statement was strongly disagreed or disagreed, of which 19% 
answered correctly. The results as displayed in Figure 4.38 were as follows: 
 0 (0%) respondents strongly disagreed with the statement; 
 7 (19%) respondents disagreed with the statement; 
 19 (53%) respondents chose the neutral option; 
 9 (25%) respondents agreed with the statement; and 
 1 (3%) respondent strongly agreed with the statement. 
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Figure 4.38: RSBI values predicting weaning success 
 
Literature states that an RSBI value of >105 significantly decreases the likelihood of 
successful weaning from MV (El-Khatib & Bou-Khalil, 2008:223; Alia & Esteban, 
2000:73). Out of the total sample pool 29 (81%) respondents indicated incorrect 
responses. A knowledge deficit has thus been identified regarding the optimal value 
of the RSBI that increases the probability of successful weaning. 
 
 4.8.5.3 Predictive capability of other weaning indexes 
Respondents received a statement that other weaning indexes such as maximal 
inspiratory pressure (MIP), tidal volume and mouth occlusion pressure also have 
excellent individual capability to accurately predict weaning success or failure. The 
most correct answer to this statement was strongly disagreed or disagreed. As seen 
in Figure 4.39 it is clear that a knowledge deficit exists as only four (11%) 
respondents chose the correct answer. 
 0 (0%) respondents strongly disagreed with the statement; 
 4 (11%) respondents disagreed with the statement; 
 20 (57%) respondents chose the neutral option; 
 9 (26%) respondents agreed with the statement; and 
 2 (6%) respondents strongly agreed with the statement. 
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Figure 4.39: Predictive capability of other weaning indexes  
 
Conti et al. (2004:835) found that all weaning indexes such as maximal inspiratory 
pressure, tidal volume and mouth occlusion pressure are poor individual predictors 
of weaning outcome.   
 
From Figure 4.39 it is clear that respondents lack knowledge regarding the predictive 
capabilities of other weaning indexes as 31 (89%) respondents indicated the 
incorrect response. 
4.8.6 Summary of knowledge scores 
Following factor analysis the frequency distribution of knowledge scores for weaning 
indexes and the rapid shallow breathing index confirmed a knowledge deficit. The 
following is a summary of the results as illustrated in Figure 4.40: 
 Only one score between 50 and 59% was obtained that indicated adequate 
knowledge. 
 A knowledge deficit has been identified amongst 99% of respondents. 
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Figure 4.40: Summary knowledge scores  
 
The mean score obtained was 12.5% with a Standard Deviation of 11.21%. It is thus 
clear that professional nurses lack knowledge regarding weaning indexes such as 
the rapid shallow breathing index. 
4.9 SUMMARY OF SECTION 
A general lack of knowledge has been identified with regard to weaning indexes 
such as the rapid shallow breathing index. In this section a few respondents also 
failed to answer all the questions. However, no questionnaire had more than five 
missing answers as previously noted and all were thus included for data analyses. 
4.10 SECTION G: CAUSES OF WEANING FAILURE 
Failure to wean from mechanical ventilation is considered to be multifactorial and 
evidence-based guidelines recommend that a search for all the causes that 
contribute to weaning failure and ventilator dependence is integral to weaning from 
MV (MacIntyre et al., 2001:376). It is thus of the utmost importance that professional 
nurses caring for these patients have a good understanding of the most important 
factors that lead to weaning failure. 
 
This section was related to professional nurses’ knowledge regarding the causes of 
weaning failure. Respondents were given one question consisting of statements 
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where they had to choose from a Lickert Scale ranging from: strongly disagree to 
strongly agree. Each of these statements will be discussed separately.  
4.10.1 Overfeeding with carbohydrates 
Respondents were given a statement that overfeeding with carbohydrate rich enteral 
nutrition has no impact on weaning from MV. The most correct response to this 
statement was strongly disagreed or disagreed, of which 17 (42.5%) of respondents 
indicated the correct response. The results as displayed in Figure 4.41 are as 
follows: 
 0 (0%) respondents strongly disagreed with the statement; 
 17 (42.5%) respondents disagreed with the statement; 
 10 (25%) respondents chose the neutral option; 
 11 (27.5%) respondents agreed with the statement; and 
 2 (5%) respondents strongly agreed with the statement. 
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Figure 4.41: Overfeeding with carbohydrates 
 
Boles et al. (2007:1039) state that overfeeding with excessive carbohydrates may 
result in CO2 production and lead to respiratory acidosis/hypercapnia. The results 
highlight a lack of knowledge regarding the role of overfeeding with carbohydrates on 
weaning from MV as 23 (57.5%) respondents indicated incorrect responses.  
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4.10.2 Corticosteroids use and neuromuscular abnormalities 
Respondents were given a statement that corticosteroid use is not associated with 
any neuromuscular abnormalities. The most correct response to this statement was 
strongly disagreed. Based on the results, only 17 (42.5%) of the respondents 
indicated the correct response. The following results were obtained as depicted in 
Figure 4.42.  
 0 (0%) respondents strongly disagreed with the statement; 
 17 (42.5%) respondents disagreed with the statement; 
 7 (17.5%) respondents chose the neutral option; 
 13 (32.5.5%) respondents agreed with the statement; and 
 3 (7.5%) respondents strongly agreed with the statement. 
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Figure 4.42: Corticosteroid use and neuromuscular abnormalities 
 
Boles et al. (2007:1038) asserted that neuromuscular abnormalities leading to failure 
to wean are directly associated with corticosteroid exposure. Based on these results 
it is evident that a knowledge deficit exists among professional nurses regarding 
corticosteroid use and its association with neuromuscular abnormalities as 23 
(56.5%) chose the incorrect options.  
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4.10.3 Impact of Critical Illness Polyneuropathy on weaning 
Respondents were given a statement that critical illness polyneuropathy has an 
insignificant impact on weaning. The most correct option for this statement was 
strongly disagreed and disagreed of which 17 (42.5%) indicated the correct 
response. The results as displayed in Figure 4.43 are as follows (n=40): 
 2 (5%) respondents strongly disagreed with the statement; 
 15 (37.5%) respondents disagreed with the statement; 
 6 (15%) respondents chose the neutral option; 
 16 (40%) respondents agreed with the statement; and 
 1 (2.5%) respondent strongly agreed with the statement. 
 
 
Figure 4.43: Impact of critical illness polyneuropathy on weaning  
 
Boles et al. (2007:1038) state that critical illness polyneuropathy is a frequent cause 
of failure to wean as it affects all peripheral nerves including the muscles of 
respiration. 
 
Based on the results for this statement a lack of knowledge regarding the impact of 
critical illness polyneuropathy is apparent as 23 (57.5%) respondents indicated 
incorrect responses.  
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4.10.4 Peak flow settings and auto-PEEP 
Respondents received a statement that by increasing the peak flow settings the risk 
of Auto-PEEP (Positive End Expiratory Pressure) is reduced as a physiologically 
normal Inspiratory: Expiratory ratio (I:E ratio) is preserved. The most correct option to 
choose was to strongly disagree or disagree, to which 37.5% of the respondents 
indicated the correct response. The results as displayed in Figure 4.44 were as 
follows: 
 1 (2.5%) respondent strongly disagreed with the statement; 
 14 (35%) respondents disagreed with the statement; 
 11 (27.5%) respondents chose the neutral option; 
 13 (32.5%) respondents agreed with the statement; and 
 1 (2.5%) respondent strongly agreed with the statement. 
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Figure 4.44: Peak flow settings and Auto-PEEP 
 
The literature states that the I:E ratio will decrease as the peak flow rate is 
increased. This will have a negative effect on the respiratory load and will increase 
work of breathing as the patient has less time to fully exhale. This may lead to the 
development of Auto PEEP and increase the work of breathing which may ultimately 
result in weaning failure (Alia et al., 2000:75; Boles et al., 2007:1036). Increased 
work of breathing may ultimately lead to failure to wean from MV. 
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Based on Figure 4.44 it is clear that there is a lack of knowledge regarding 
appropriate ventilator settings that may lead to Auto-PEEP and weaning failure as 25 
(62.5%) of respondents chose the incorrect response.  
4.10.5 Metabolic disturbances and their impact on weaning 
Respondents received a statement that metabolic disturbances such as hypokalemia 
do not impact on weaning from MV as they have no effect on the respiratory system. 
The most correct answer was strongly disagreed or disagreed. Figure 4.45 provides 
a graphic display of results (n=40).  
 4 (10%) respondents strongly disagreed with the statement; 
 14 (35%) respondents disagreed with the statement; 
 9 (22.5%) respondents chose the neutral option; 
 12 (30%) respondents agreed with the statement; and 
 1 (2.5%) respondent strongly agreed with the statement. 
 
Strongly 
Disagreed
Disagreed Neutral Agreed
Strongly 
Agreed
Respondents 4 14 9 12 1
Percentage 10 35 22.5 30 2.5
4
14
9
12
1
10
35
22.5
30
2.5
0
5
10
15
20
25
30
35
40
 
Figure 4.45: Metabolic disturbances and their impact on weaning 
 
Boles et al. (2007:1039) state that metabolic disturbances such as hypokalemia will 
lead to peripheral muscle weakness and will contribute to or cause failure to wean 
from MV. 
Based on Figure 4.45 a knowledge deficit is apparent among professional nurses 
regarding the impact of metabolic disturbances on weaning from MV as 18 (45%) of 
respondents indicated the correct response and 22 (55%) respondents indicated the 
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incorrect response). 
4.10.6 Summary of knowledge scores  
Based on the results the frequency distribution of knowledge scores as indicated in 
Figure 4.46 highlights the following: 
 Twenty-three (57.5%) respondents scored less below 50% which indicates 
inadequate knowledge on the causes of weaning failure. 
 Adequate knowledge on the causes of weaning failure was identified among 
16 (40%) respondents. 
 One (2.5%) respondent obtained a score in the range of 70 to 79% which 
indicate above average knowledge on the causes of weaning failure. 
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Figure 4.46: Summary of knowledge scores 
4.10.7 Summary of section 
This section elucidated a lack of knowledge regarding the causes of weaning failure. 
Boles et al. (2007:1040) state that reversible pathology that impacts on weaning 
should be aggressively sought, so it is of the utmost importance that professional 
nurses caring for the patient requiring weaning should be aware of the causes of 
weaning failure in order to recognise its presence.  
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4.11 SECTION H: WEANING PROTOCOLS AND SEDATION MANAGEMENT 
This section focused on the role of protocols and sedation management in weaning 
the critically ill patient from mechanical ventilation. The questions posed were not 
directly testing respondents’ knowledge and the frequency of responses was highly 
similar across the total sample. A summary of results is thus sufficient for this 
section.  
4.11.1 Frequency distribution of results 
Respondents were given dichotomous questions followed up by a filter question if 
the preceding answer was positive (yes). The final two questions were posed to 
explore if professional nurses feel that a weaning protocol will enhance the care of a 
mechanically ventilated patient and if they feel that in-service education is needed on 
weaning from MV. Due to the fact that this section was not intended to directly test 
respondents’ knowledge on weaning from mechanical ventilation no knowledge 
scores was calculated for this section. The following table summarises the frequency 
of responses (n=40).  
Table 4.2: Weaning protocols and sedation management 
Question Response Total % 
1 Use of daily interruption of sedation Yes 21 52.5 
No 19 47.5 
2 Frequency of use of daily interruption of 
sedation 
Always 4 21 
Often 7 37 
Seldom 8 42 
Never 0 0 
3 Do you think weaning protocol will 
enhance the care of a mechanically 
ventilated patient requiring weaning? 
Yes 37 92.5 
No 3 7.5 
5 Do you need in-service education on 
weaning from mechanical ventilation? 
Yes 35 87.5 
No 5 12.5 
 
Based on the results of Table 4.2 the following pattern is evident: 
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 Almost half (47.5%) of the respondents do not implement daily interruption of 
sedation, while amongst those who do (52.5%) only four respondents always 
implement it in daily care. 
 Some 37 (92.5%) respondents believe that a weaning protocol will enhance 
the care of a mechanically ventilated patient requiring weaning; and 
 Three (7.5%) respondents do not think that a weaning protocol will enhance 
the care of a patient receiving MV. 
4.11.2 Summary of results 
Based on the results of Section H it is evident that there is a lack of a structured 
approach to weaning the critically ill patients from MV. Most (92.5%) respondents 
believe that a weaning protocol will improve the care of the mechanically ventilated 
patient. This justifies the objective of providing recommendations in the form of a 
protocol in order to improve professional nurses’ knowledge regarding weaning the 
critically ill patient from MV. Furthermore, 35 (87.5%) respondents indicated the need 
for an in-service education programme on weaning the critically ill patient from 
mechanical ventilation. 
4.12 SUMMARY OF CHAPTER 
Chapter 4 presented a discussion and summary of the results of the study. Based on 
these results the researcher can conclude that professional nurses lack adequate 
knowledge on weaning the critically ill patient from MV. This lack of knowledge was 
evident across the whole questionnaire and not only in isolated cases, so the results 
may be inferred to be unambiguous.  
The next Chapter will address the findings of the study and recommendations in the 
form of a weaning protocol, as well as recommendations as they relate to practice, 
research and education. 
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CONCLUSIONS, RECOMMENDTIONS AND LIMITATIONS 
5.1 INTRODUCTION 
In the previous chapter the results of the study were discussed together with an 
analysis of the professional nurse’s knowledge regarding weaning the critically ill 
patient from mechanical ventilation (MV). A knowledge deficit among professional 
nurses caring for the mechanically ventilated patient being weaned has been 
identified on the basis of the study results. The identified knowledge deficit was 
present across the full spectrum of the areas covered in the questionnaire on 
weaning from MV. 
 
In this section, the findings of the study will be summarised followed by a narrative 
discussion of the protocol developed as well as the clinical algorithm. These 
recommendations relate to nursing practice, research and education. Identified study 
limitations will be highlighted followed by the conclusion of the study.  
5.2 CONCLUSIONS OF THE STUDY 
In Chapters 1 and 3 the following research objectives were stated for this study: 
 To explore and describe the professional nurse’s knowledge regarding 
weaning the critically ill patient from mechanical ventilation. 
 To develop recommendations in the form of a protocol to enhance the 
professional nurse’s knowledge regarding weaning the critically ill patient from 
mechanical ventilation in the form of a protocol. 
 
In Chapter 4 it was identified that professional nurses lack knowledge regarding 
weaning the critically ill patient from mechanical ventilation. These knowledge 
deficits were identified across the whole range of the questionnaire completed. The 
following were key knowledge deficits identified in the study. These will be 
addressed in the recommendations for nursing practice in the form of a weaning 
protocol in order to attain the second objective of the study. 
According to the data analysed it can be concluded that the professional nurses in 
5 
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this research study do not have adequate knowledge related to the underlying 
indications that need to be resolved prior to commencing weaning in the critically ill 
patient. Issues pertaining to withdrawal of ventilatory support, when weaning should 
be considered successful, the role of NIPPV in weaning as well as the endpoints of 
the final stages of weaning revealed a lack of knowledge. Respondents were not 
aware of the most effective weaning mode based on the literature and it was 
apparent that a firm belief existed that synchronised intermittent mandatory 
ventilation (SIMV) is the best weaning modality. This signifies a lack of a structured 
approach to weaning amongst professional nurses in the intensive care unit. 
 
Furthermore, based on the findings, a knowledge deficit is present regarding criteria 
to assess weaning readiness. It was clear that respondents did not know the 
accepted normal range values for minute ventilation, Tidal Volume (TV) and 
maximum voluntary ventilation. Without knowledge of the normal values it is 
reasonable to accept that the parameters are not being used to facilitate the weaning 
process. A lack of knowledge was also evident with regard the other criteria to 
assess weaning readiness, such as the hemodynamic parameters, oxygenation 
status, inotropic support and anticipated surgery. 
 
In the data analysis that focused on the spontaneous breathing trial (SBT) a 
knowledge deficit was also identified. The SBT is considered the benchmark test to 
identify patients who pass or fail a weaning trial. Based on the results obtained, the 
researcher can however conclude that respondents lack knowledge regarding SBT 
application such as conducting the SBT on the mechanical ventilator or using a T-
piece with normal wall mounted oxygen. Furthermore, the professional nurses were 
not aware of the goals and recognition of signs and symptoms of SBT failure or 
intolerance. The section on weaning indices with specific reference to the rapid 
shallow breathing index (RSBI) highlighted a knowledge deficit. Respondents were 
also not aware of the weaning process until extubation. 
 
Data analysis also revealed that respondents are not adequately knowledgeable 
regarding the different causes of weaning failure. A general lack of knowledge 
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regarding issues such as the impact of overfeeding (with carbohydrates), 
corticosteroid use, endotracheal tube size and critical illness and polyneuropathy on 
weaning has been identified. Furthermore, respondents scored poorly on aspects 
such as the role of metabolic disturbances and the impact of improper ventilator 
settings on weaning the patient from mechanical ventilation. 
5.3 WEANING PROTOCOL 
This section addresses the second objective, namely to develop recommendations in 
the form of a protocol to enhance the professional nurse’s knowledge regarding 
weaning the critically ill patient from mechanical ventilation. 
5.3.1 Introduction 
In Chapter 4 the professional nurse’s knowledge regarding weaning the critically ill 
patient from mechanical ventilation (MV) was discussed and analysed. Based on the 
data obtained from the structured questionnaire, 37 (92.5%) respondents believed 
that a weaning protocol would enhance the care of the mechanically ventilated 
patient. It was therefore decided that a weaning protocol would be developed in 
order to enhance the care of the mechanically ventilated patient. It must be noted 
that this protocol is not intended for implementation as it is beyond the scope of the 
study and it would require an additional phase in the research process.  
 
Based on the knowledge deficits identified in Chapter 4 the following areas will be 
addressed in the weaning protocol in order to enhance practice: 
 The resolution for the underlying indications for mechanical ventilation  
 Criteria to assess weaning readiness 
 Spontaneous breathing trial  
5.3.2 Importance of the weaning protocols 
The role of weaning protocols has been discussed in detail in Chapter 2. Protocol 
development has been addressed in Chapter 3. A few key points will be mentioned 
in order to clarify the importance of a weaning protocol in managing the critically ill 
mechanically ventilated patient. Several studies have demonstrated that protocol 
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directed weaning reduces the length of MV, reduces hospital costs and reduces the 
rate of associated complications such as ventilator associated pneumonia (McLean 
et al., 2006:30; Hansen & Severinsson, 2007:196; Boles et al., 2007:1039). 
 
The McMaster University Evidence-Based Practice Center has conducted a 
systematic review of weaning from mechanical ventilation in order to address 
questions posed by the Agency for Health Care Policy and Research (AHCPR). 
Among the many aspects addressed, one of the strongest conclusions was that 
weaning protocols must be developed and implemented. Furthermore, these 
protocols can be successfully implemented by non-physician health care 
professionals including nurses in order to expedite weaning (Ely et al., 2001:454). 
 
For the reasons stated previously, it can thus be concluded that a weaning protocol 
based on the best available evidence may enhance the care of the mechanically 
ventilated patient. 
5.3.3 Protocol development process 
Protocols can also be defined as a generally accepted process with explicit steps which 
can be presented in algorithmic form if required (Carnett, 2002:62). Within this research 
study, the data used to support the development of this protocol have been extracted 
from the literature review (Chapter 2). Data were based on Level I and Level II 
evidence. Level I evidence includes systematic reviews or meta-analysis of 
randomised controlled trials or evidence-based clinical practice guidelines based on 
systematic reviews. Level II evidence includes well-designed randomised controlled 
trials. Two Level I papers that include evidence-based clinical guidelines based on 
systematic reviews and four randomised controlled trials (Level II) were included for 
the development of this protocol. The steps as applicable and outlined in Chapter 3 
of the study have been used in the development of the weaning protocol. The 
recommendation followed by the evidence used to support the rationale is provided. 
 
Algorithms conveniently convey the scope of a guideline in a shorter version. 
Algorithms have shown to result in faster learning, higher retention and better 
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compliance with established practice than standard text. The use of clinical 
algorithms at the patient’s bedside can be used as part of the flow sheets and/or 
documentation and can assist in quick dissemination of information (Carnett, 
2002:62). Therefore it was decided to develop a clinical algorithm in conjunction with 
the narrative protocol.  
5.3.4 Components of the weaning protocol  
This section of the research study will address the components of the weaning 
protocol.  
5.3.4.1 Underlying indications for mechanical ventilation has been resolved 
Recommendation: 
Before weaning is considered, the underlying indication for mechanical ventilation 
needs to have been resolved or have sufficiently improved. 
 
Rationale:  
Macintyre et al. (2001:380) state that before weaning is considered the underlying 
indication for MV must have been resolved or sufficiently improved (Level I). Boles et 
al. (2007:1035) concur that the resolution of the acute phase of the disease for which 
the patient was intubated and mechanically ventilated is imperative before weaning 
is considered (Level I). Both of these findings derive from evidence-based guidelines 
on weaning from MV arising from systematic reviews of randomised controlled trials 
(RCTs).  
5.3.4.2 Criteria to assess weaning readiness 
Recommendation: 
All patients need to be screened daily for the possibility of weaning. This screening 
considers respiratory, cardiac and neurologic functions. 
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Rationale:  
Ely et al. (1996:1864) studied 300 patients in order to ascertain if the identification of 
patients capable of breathing spontaneously by using screening tests can decrease 
the duration of MV. Based on the results daily screening for weaning readiness 
resulted in a statistically significant reduction in weaning time and days on MV (Level 
II). Boles et al. (2007:1035) and Macintyre et al. (2001:380) both concluded in 
evidence-based clinical guidelines that daily screening of patients to assess weaning 
readiness will decrease the duration of MV.  
 
The criteria for the assessment of weaning readiness have been discussed in detail 
in Chapter 2. For the purpose of developing the protocol the following criteria have 
been extracted for use:  
 Adequate oxygenation: SpO2 ≥ 90% on FiO2  0.4 or less; 
 Stable cardiovascular status: no or low dose inotropes; 
 No anticipated surgery within 48 hours 
 No significant respiratory acidosis 
 Adequate mentation – arousable with GCS ≥13 and no continuous sedative 
infusions;  
 Stable metabolic status; and 
 Adequate pulmonary function: Tidal volume 5-10 ml/kg, minute ventilation: 6-
10L/minute (Macintyre et al., 2001:380) (Level I). 
5.3.4.3 Spontaneous breathing trial 
Recommendation: 
All patients who pass a weaning screen need to proceed to a spontaneous breathing 
trial on the ventilator or with a T-piece on wall-mounted oxygen for a period of thirty 
minutes. Patients who do not pass the weaning screen need to remain on 
mechanical ventilation and screening should be done every 24 hours. 
 
Rationale:  
Once the patient is considered ready to begin weaning based on the criteria to 
assess weaning readiness a trial of spontaneous breathing is the method of choice. 
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Ely et al. (1996:1868) found that up to 76% of all mechanically ventilated patients 
can be extubated after the first SBT (Level II). Boles et al. (2007:1036) concur that 
the SBT is the major diagnostic to determine if patients can be successfully 
extubated. In one of the largest multicentre RCTs to date, once daily trials of 
spontaneous breathing proved to lead to extubation much quicker than any other 
weaning method (Esteban et al., 1995:348). 
 
The next question is the length of an SBT before a decision regarding extubation or 
continued MV is made. In most RCTs on the role of the spontaneous breathing trial 
the length of spontaneous breathing was usually two hours (Ely et al., 1996:1867; 
Girard et al., 2008:126). However, Esteban et al. (1999:512) conceded that a two-
hour SBT expedites weaning, but contended that close observation of a patient on 
an SBT over the two-hour period is overly demanding on staff members and is time 
consuming. It was also postulated that most patients who fail an SBT do so within 
the first 5 minutes or before 30 minutes. In a large multicentre RCT it was proven 
that an SBT lasting 30 minutes is just as effective as the usual two- hour trial in 
achieving successful extubation. There was also no difference in reintubation rates, 
hospital mortality and length of ICU stay (Esteban et al., 1999:515) (Level II). Level I 
recommendations on weaning from MV also state that the SBT should last 30 
minutes (Boles et al., 2007:1042).  
 
The method of conducting the SBT is not considered important. This can either be 
done via a t-piece or on the ventilator using pressure support of 5-8 cm H2O with or 
without a positive end expiratory pressure of 5 cm H2O. Esteban et al. (1997:461) 
found no statistically significant difference between patients undergoing an SBT 
using either method (Level II). Boles et al. (2007:83) concur that any one of these 
methods is acceptable. Monitoring of the patient is more easily accomplished when 
the SBT is done on the ventilator, so this practice is advocated at times.  
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5.3.4.4 Monitoring for signs of SBT intolerance 
Recommendation: 
All patients should be comprehensively monitored for signs and symptoms of SBT 
intolerance. 
 
Rationale:  
Patients undergoing an SBT need to be closely monitored for signs of trial failure.  It 
is postulated that up to 25% of all patients undergoing an SBT will develop some 
kind of distress severe enough to necessitate recommencement of MV (Tobin, 
2001:1992).  
 
Based on the evidence from Level I and Level II studies, the following is a key list of 
signs and symptoms of SBT failure: 
Subjective indexes: 
 Increased agitation and anxiety; 
 Decreased LOC; 
 Diaphoresis; and 
 Facial signs of distress, nasal flaring.  
 Objective indexes: 
 Cardiac arrhythmias; 
 Hypotension/hypertension or change in BP of ≥20% from baseline; 
 Increased PaCO2; and 
 Respiratory rate ≥35/minute. 
 SpO2 less than 90% 
 
If any of the above signs is noted the patient needs to be recommenced on MV and 
a period of 24 hours is required before a new trial is considered (Girrard et al., 
2008:126; Boles et al., 2007:1042; Ely et al., 1996:1867; Esteban et al., 1995:346; 
Brochard et al., 1994:898). 
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5.3.4.5 Outcome of the SBT 
Recommendation: 
At the end of a spontaneous breathing trial extubation should follow unless signs of 
poor tolerance and trial failure occurred. 
 
Rationale:  
Based on evidence from Level I and Level II studies, if no sign of poor tolerance is 
observed during or at the end of the trial, extubation should follow (Ely et al., 
1996:1866; Esteban et al., 1995:346; Brochard et al., 1994 898). 
 
Another method to increase the probability of successful weaning is to assess the 
RSBI. The RSBI is considered the only weaning index that is clinically accurate in 
discriminating between patients that have a high probability of successful weaning 
and those that are likely to fail the weaning trial (Conti et al., 2004:834). 
Mahoori et al. (2007:32) state that a true positive result is an RSBI 105 b/min/L and 
a value below 105 has a positive predictive value of 92.5% in identifying patients 
who can be successfully weaned from mechanical ventilation 
.  
Patients who failed the SBT need to be reassessed every 24 hours for the possibility 
of conducting a new trial. Furthermore, following trial failure a search must be 
conducted for all the causes that may have resulted in failure to wean (Boles et al., 
2007:1042). Prompt extubation after passing an SBT is considered to be highly 
effective in decreasing time spent on MV, decreasing hospital length of stay and 
reducing mortality (Boles et al., 2007:1042; Ely et al., 1996:1866; Esteban et al., 
1995:346; Brochard et al., 1994 898).  
5.4 Algorithm for weaning protocol 
The weaning protocol will now be presented in the form of a clinical algorithm as 
illustrated in Figure 5.1. 
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Figure 5.1: Clinical algorithm of weaning protocol 
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5.5 RECOMMENDATIONS RELATED TO NURSING RESEARCH, 
EDUCATION AND PRACTICE 
The aim of this section is to highlight recommendations as relating to nursing 
research, education and practice. 
5.5.1 Recommendations related to nursing research 
No research study occurs in a vacuum or isolation as each study creates a link for 
future research in the same field. The answers of one individual study may highlight 
future research possibilities or create more questions that need exploration. Based 
on the results of this study, the following recommendations relating to research can 
be made:  
 This study was conducted at a private hospital and results can therefore not 
be generalized to other settings. Repeating the study in an intensive care 
unit at a public institution is essential in order to explore the knowledge 
amongst professional nurses regarding weaning the critically ill patient from 
MV.  
 As this study did not address differences in knowledge regarding weaning 
the critically ill patient from MV between Intensive care trained and 
experienced registered nurses, a follow-up study is needed to assess if any 
differences actually exist.  
 A study following a qualitative approach aiming to explain why professional 
nurses lack knowledge in weaning from MV at this institution may guide in-
service education and training. 
5.5.2 Recommendations related to nursing education 
The following recommendations related to nursing education are aimed at improving 
professional nurses’ knowledge regarding weaning the critically ill patient from MV. 
 During formative, undergraduate training, nurses must be exposed to 
evidence-based practice and why research plays such an integral part in 
nursing education and practice. This exposure may lead to a greater 
embracement and understanding of the changing environment of nursing 
and weaning from MV. 
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 Practical workshops on weaning the critically ill patient from MV will have a 
positive impact on professional nurses caring for these patients. These 
workshops need to include industry role players such as nurse educators, 
suppliers of medical equipment and nursing managers. 
 Institutions offering additional qualifications in critical care nursing must 
ensure that weaning from MV obtains the same priority as mechanical 
ventilation itself as a high proportion of total ventilatory time is spent on 
weaning. 
 Professional nurses must be made aware that textbooks and research 
articles supplement each other and teaching must be aimed at broadening 
the students’ skills in order to critically appraise research articles. Nurse 
educators have a key role to play in reaching this goal. 
 Suitably qualified professionals should provide clinical training in intensive 
care units focusing on the most current and evidenced-based practice 
guidelines and literature on weaning from mechanical ventilation. These 
professionals include Clinical Facilitators and Clinical Nurse Specialists (if 
available). 
 Professional nurses must be encouraged to attend seminars on mechanical 
ventilation and weaning in order to keep abreast of changes and new 
developments in this dynamic field of critical care. 
5.5.3 Recommendations related to nursing practice 
The key recommendation as it relates to nursing practice is the implementation of a 
weaning protocol in order to enhance the care of the patient on MV. The area of 
weaning from MV is an ever-evolving field and a weaning protocol will assist in 
standardising practice. Continuous education is of paramount importance in order to 
enhance practice and increase positive outcomes. The role of the clinical facilitator in 
the improvement of nursing practice needs to be addressed. 
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5.6 STUDY LIMITATIONS 
No single study is flawless and researchers must be aware of study limitations that 
may impact on study results. The following is a list of identified limitations. 
 This study was conducted at a single private institution and therefore study 
results can only be generalized to the specific ICU where the study was 
conducted. 
 The sample size was small (n=40) and generalizability of results based on 
such a small sample size is at times questionable. However, the statistician 
have indicated that the sample size of 40 respondents was adequate for 
results to be interpreted as statistically valid. 
5.7 SUMMARY OF CHAPTER 
It can be concluded that, based on the results of the study, registered nurses lack 
adequate knowledge regarding weaning the critically ill patient from mechanical 
ventilation. A large proportion of patients in ICUs are mechanically ventilated and will 
require weaning at some stage so this knowledge deficit is significant and needs 
urgent attention in order to improve the care of these patients. 
 
This study also highlighted the fact that registered nurses are not up to date on the 
latest developments in the field of MV and weaning. Although this was a small-scale 
study, the significance of the results cannot be overlooked and further research on 
the subject of weaning from MV is needed in order to elucidate the full scope of the 
problem, or prove that the identified knowledge deficit is only present at the unit 
where the study took place. 
  
The researcher had two objectives at the beginning of the study – One was to 
assess the registered nurses’ knowledge regarding weaning the critically ill patient 
from MV and the second was to make recommendations in order to improve the care 
of these patients. Both of these objectives have been met as a knowledge deficit 
regarding weaning from MV has been identified and recommendations in the form of 
a weaning protocol and in-service education guidelines have been made in order to 
address these deficits. 
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The study had its limitations but the researcher is confident that the results are a true 
reflection of actual practice. Further research on weaning from MV in order to gain 
better insight and understanding is needed.  
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ANNEXURE A: QUESTIONNAIRE 
 
 
SECTION B: OVERVIEW OF WEANING FROM MV 
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ANNEXURE B: RESPONDENT’S LETTER 
 
 
 
 
 
 
 
Faculty of Health Sciences 
DEPARTMENT OF NURSING SCIENCE 
Tel: +27 (0)41 390-7173 Cell: 073 392 8934 
E-mail:     demingo.xavier@gmail.com 
12 November 2009 
Dear Madam/Sir 
You are being asked to participate in a research study. I will provide you with the 
necessary information to assist you to understand the study and explain what would 
be expected of you (respondent). These guidelines would include the risks, benefits, 
and your rights as a study respondent. Please feel free to ask the researcher to 
clarify anything that is not clear to you.  
 
The researcher is conducting a study aiming to explore and describe professional 
nurses knowledge regarding weaning the critically ill patient from mechanical 
ventilation. The researcher will use the results together with an in-depth literature 
search to make recommendations to enhance the knowledge of professional nurses 
regarding weaning the critically ill patient from mechanical ventilation. To participate, 
it will be required of you to provide a written consent that will include your signature, 
date and initials to verify that you understand and agree to the conditions. 
 
You have the right to query concerns regarding the study at any time. Immediately 
report any new problems during the study, to the researcher. Telephone numbers of 
the researcher are provided. Please feel free to call these numbers. 
    
Participation in research is completely voluntary. You are not obliged to take part in 
any research. If you do partake, you have the right to withdraw at any given time, 
during the study without penalty. Although your identity will at all times remain 
confidential, the results of the research study may be presented at scientific 
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conferences or in specialist publications.  
This informed consent statement has been prepared in compliance with current 
statutory guidelines. 
 
Yours sincerely 
 
 
X.P. Demingo 
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ANNEXURE C: INFORMATION AND INFORMED CONSENT FORM 
 
NELSON MANDELA METROPOLITAN UNIVERSITY 
 
INFORMATION AND INFORMED CONSENT FORM 
 
 
RESEARCHER’S DETAILS 
Title of the research project 
Professional nurses’ knowledge regarding weaning 
the critically ill patient from mechanical ventilation. 
Principal investigator Mr. X. Demingo 
Address 10 Mcarthy Close ,Booysen park ,P. E.  
Postal Code 6059 
Contact telephone number 
(private numbers not 
advisable) 
041 3907173 
 
A. DECLARATION BY OR ON BEHALF OF PARTICIPANT  Initial 
I, the participant and the 
undersigned 
 
 
  
ID number  
 
A.1 HEREBY CONFIRM AS FOLLOWS:  Initial 
I, the participant, was invited to participate in the above-mentioned 
research project 
  
that is being undertaken by MR X Demingo 
From Department of Nursing Science 
of the Nelson Mandela Metropolitan University. 
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 THE FOLLOWING ASPECTS HAVE BEEN EXPLAINED TO ME, 
THE PARTICIPANT: 
 
Initial 
2.1 Aim:   
The researcher are exploring the knowledge 
of Professional nurses related to weaning 
the patient from mechanical ventilation 
  
  
The information will be used to develop 
recommendations to enhance the 
knowledge of nurses related to weaning 
practices in the critical care unit. 
2.2 Procedures:   I understand that 
  
2.3 Risks: 
There are no risks related to my 
participation in the study  
  
2.4 Possible benefits:   
As a result of my participation in this study 
the knowledge of Professional nurses 
related to weaning will be enhanced  
  
2.5 Confidentiality:   
My identity will not be revealed in any 
discussion, description or scientific 
publications by the investigators. 
  
2.6 Access to findings: 
Any new information or benefit that 
develops during the course of the study will 
be shared as follows: 
  
2.6 
Voluntary participation 
/ refusal / 
Discontinuation: 
My participation is voluntary YES NO   
My decision whether or not 
to participate will in no way 
affect my present or future 
care / employment / lifestyle 
T
R
U
E
 
F
A
L
S
E
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3. THE INFORMATION ABOVE WAS EXPLAINED TO ME/THE 
PARTICIPANT BY: 
 
Initial 
(name of relevant person)   
In Afrikaans  English  Xhosa  Other  
and I am in command of this language, or it was satisfactorily translated to 
me by 
(name of translator) 
I was given the opportunity to ask questions and all these questions were 
answered satisfactorily. 
 
4. 
No pressure was exerted on me to consent to participation and I 
understand that I may withdraw at any stage without penalisation. 
  
 
5. 
Participation in this study will not result in any additional cost to 
myself. 
  
 
A.2 I HEREBY VOLUNTARILY CONSENT TO PARTICIPATE IN THE ABOVE-
MENTIONED PROJECT: 
Signed/confirmed at    20 
 
 
Signature or right thumb print of 
participant 
Signature of witness: 
Full name of witness: 
B. STATEMENT BY OR ON BEHALF OF RESEARCHER 
I,  (name of interviewer) declare that: 
1.  
I have explained the information 
given in this document to 
(name of patient/participant) 
and / or his / her representative (name of representative) 
2. He / she was encouraged and given ample time to ask me any questions; 
3. 
This conversation 
was conducted in 
Afrikaans  English  Xhosa  Other  
And no translator was used OR this conversation was translated into 
(language)  By (name of translator) 
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4. 
I have detached Section C and handed it to the 
participant 
YES NO 
Signed/confirmed 
at 
 
 
on 
 
 
20 
Signature of researcher 
Signature of witness: 
Full name of witness: 
 
 
C. IMPORTANT MESSAGE TO THE PARTICIPANT /REPRESENTATIVE OF 
PARTICIPANT 
 
Dear participant/representative of the participant 
Thank you for your/the participant’s participation in this study.  Should, at any time 
during the study: 
- an emergency arise as a result of the research, or 
- you require any further information with regard to the study, or 
- the following occur 
 You participate in the study against your free will 
 Subjected to revealing your identity 
 Revealing any information given by you  
 
 
Kindly contact Xavier Demingo 
at telephone 
number 
041 3907173 
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ANNEXURE D:  PERMISSION TO CONDUCT RESEARCH  
 
• PO Box 77000 • Nelson Mandela Metropolitan University 
• Port Elizabeth • 6031 • South Africa • www.nmmu.ac.za 
 
 
 
Att:  The Nursing Service Manager 
 
 
 
 
 
                                                                                      12 November 2009 
 
REQUEST FOR PERMISSION TO CONDUCT RESEARCH IN THE ICU. 
 
Dear Sir/Madam.  
 
My name is Xavier Demingo, and I am a M.CUR student at the Nelson 
Mandela Metropolitan University in Port Elizabeth. The research I wish to 
conduct for my Master’s treatise (coursework) on the professional nurses’ 
knowledge regarding weaning the critically ill patient from mechanical 
ventilation. The research will be conducted by using a self-administered 
questionnaire. The questionnaire takes minimal time to complete and no 
significant interference with participants work schedule is anticipated. 
Permission to conduct the study will be obtained from the Faculty of 
Research, Technology and Innovation Committee (FRTI). This project will be 
conducted under the supervision of Mrs. P. Jordan (NMMU, South Africa) and 
Mrs. S. Jardien-Baboo (NMMU, South Africa). 
 
I am hereby seeking your consent to conduct research at your institution. 
Upon completion of the study, I undertake to provide the Hospital with a 
bound copy of the full research report. If you require any further information, 
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please do not hesitate to contact me on 0733928934 or 
demingo.xavier@gmail.com. Thank you for your time and consideration in this 
matter.  
 
Yours sincerely, 
Mr. X.P. Demingo 
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ANNEXURE E:  PERMISSION TO CONDUCT RESEARCH 
 
 
 
 
 
Att: The Unit Manager-ICU 
Cnr of Ring & Rochelle Road 
Port Elizabeth 
6001 
12 November 2009 
 
REQUEST FOR PERMISSION TO CONDUCT RESEARCH IN THE ICU. 
 
Dear Sir/Madam 
 
My name is Xavier Demingo, and I am a M.CUR student at the Nelson 
Mandela Metropolitan University in Port Elizabeth. The research I wish to 
conduct for my Master’s treatise (coursework) is titled: Professional nurses’ 
knowledge regarding weaning the critically ill patient from mechanical 
ventilation. This project will be conducted under the supervision of Mrs. P. 
Jordan (NMMU, South Africa) and Mrs. S. Jardien-Baboo (NMMU, South 
Africa). 
 
I am hereby seeking your consent to conduct research in the Intensive Care 
Unit. Upon completion of the study, I undertake to provide the Hospital with a 
bound copy of the full research report. If you require any further information, 
please do not hesitate to contact me on 0733928934 or 
demingo.xavier@gmail.com. Thank you for your time and consideration in this 
matter. 
  
Yours sincerely, 
Mr. X.P. Demingo 
• PO Box 77000 •  Nelson Mandela Metropolitan University 
• Port Elizabeth • 6031 •  South Africa •  www.nmmu.ac.za 
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ANNEXURE F: PERMISSION TO UNDERTAKE A RESEARCH PROJECT 
IN THE ICU 
                                                                                                                         
The Hospital manager 
 
 
 
Mr. X. P Demingo 
Clinical Nurse Specialist 
Intensive Care Unit  
Dear Mr. Demingo 
 
Re: PERMISSION TO UNDERTAKE A RESEARCH PROJECT IN THE ICU 
Title: “Professional nurses’ knowledge regarding weaning the critically 
ill patient from mechanical ventilation” 
I refer to your application to conduct a research study with the title as stated 
above. Permission is hereby granted provided that you as the researcher 
adhere to the following principles: 
 Adherence to all ethical principles as it pertains to your study. 
 A copy of your final document must be provided to the hospital. 
We retain the right to withdraw this permission at any time, should you fail to 
adhere to the rules and regulations of the hospital regarding research studies. 
Yours faithfully 
Mrs. B. Stamps. 
 
 
